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Chapter 1 
PRODUCTION CONTROL 
Introduction 
Business today with its multitude of detail s is a fasci-
nating subject. r ts directing and correlating nerve center is 
a centralized production control system. without this system, 
with its control of details, it would be impossible to maintain 
tor any extended period the efficient production required to 
make a profit. 
my interest in production control is primarily due to the 
fact that my present work on production ties in so closely with 
the details of the control system. My purpose in writing this 
thesis is to gain additional knowledge of the underlying basic 
principles of production control necessary to run and maintain 
production in a factory at its highest efficiency on as low a 
cost basis as possible. ~his information will give me a better 
understanding of how production and product :i on control can be 
organized to bring the utmost cooperation and coordination be-
tween the two and thus bring more and better results without in-
creasing the amount of money and effort expended. 
·£his thesis will deal directly with production control 
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factors and will not conern itself with industrial location, 
arrangement and design, or construction characteristics. It 
will discuss what research and consideration of details are 
necessary to select, introduce and se~ up a production control 
system. What production control consists of will be considered 
from the standpoint of its basic principles with actual il-
lustrated examples taken from the General Electric Company's 
production control system. Problems frequently met in all 
control· systems will be discussed and examples given. In 
conclusion a summary will be given which will include a brief 
graphic outline of the General Electric Company• s production 
control system. 
In dealing with the subject of production control, we 
must first come to an understanding of the meaning of pro-
ducti ·::m in order to make clear what it is we are controlling. 
Alfords defines production or manufacturing as, "the series of 
steps by which material is given new form in accordance with 
predetermined intention, by the aid of machines, and tools and 
of labor, skilled and unskilled." ( 1) 
Production control covers, in a broad sense, both the 
mental work of designing, planing, recording and accounting 
as well as physical manipulation as applied to materials. It 
is defined as 
( 1) 
"that mechanism which provides a means whereby, 
.. through visualization or graphic presentation, 
all details in connection with production can 
Alfords, L. P., Cost and Production Handbook 
(New York, 1934), p. 191 
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be intelligently planned in advance and efficiently 
dispatched; whereby each machine, man or gang can 
work with reference to all other machines, men or 
gangs; whereby the management can through advance 
knowledge, provide the necessary elements in the way 
of materials, tools, machines, drawings, labor and 
the like." ( 1) 
Production control, in common with other organizations 
of similar nature, has its own law. This law as stated by 
Alfords reads: "The highest efficiency in production is ob-
tained by producing the required quantity of product of the 
required quality at the required time by the best and cheapest 
method." (2) Production control systems aim to give effect 
to this law by dealing with the problem in two divisions: (l) 
Planning, (2) Control. Though closely interwoven in practice, 
these are distinct functions. 
Since production control methods have been developed 
during a period of great change and improvement in industry 
there exists some confusion as to their relation to design 
and betterment. Production control has been identified with 
both design and betterment but does not directly belong with 
either and must be clearly distinguished from them. 
New control methods have lead to improvements in design 
and to betterment in layout, methods of operation, and in 
general organization, by bringing deficiencies to light. 
Necessity for control will remain when every possible improve-
ment has been effected in design, methods of operation and 
( 1) 
( 2) 
Knoeppel, C. E. 
Alfords, L. P. , 
and Seybold, E. G., Managing for Profit 
· . ( N e w Yo r k, 193 7) p • 3 9 
Cost and Production Handbook (New York, 1934), p. 191 
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arrangement of organization. 
The place and importance of production control may 
readily be seen when a comparison is made between planned and 
controlled and unplanned and uncontrolled production. In a 
factory where the shop and work is unplanned many of the 
individual parts which must literally be "muscled" through do 
not reach the assembly on time. Under these conditions accu-
rate shipping dates can neither be given nor maintained. This 
results in irregular shipments, disappointed customers, asse.mblf 
areas clogged with waiting material, idle assemblers and a lot 
of money tied up in materials that should be shipped. Produc-
tion well planned and centrally controlled :from the start elimi-
nates the haphazard conditions mentioned above. It not only 
builds up good will, holds and gains customers but also results 
in economy in production and more efficient use of equipment • . 
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Chapter 11 
HISTORY 
The history and growth of production control is s~ilar 
to that of scientific management of which it is apart, but 
it is not similar to the history and growth of industry as is 
commonly thought. Industry passed through many stages and 
periods of growth before production control as we know it 
today came into existence. 
The early history of production control started in 1895 
with the presentation by Frederick w. Taylor of his paper 
"A Piece Rate System," before the American Society of Mechanical 
Engineers. In this paper he gave to the business world the 
first definite scientific methods whereby a plant could become 
more efficient and operate on a lower cost basis. Thus the 
first foundation of an enduring science of industrial manage-
ment was laid. 
Taylor had originally prepared tor Harvard with the idea 
of ultimately following his father•s profession of the law. 
"Hard study, however, injured his eyes and this 
seeming misfortune changed the whole current of 
his life. Instead of entering Harvard he went 
to work in a machine shop and learned the trades 
of pattern-maker and machinist. The work evidently 
proved absorbing, for although his eyesight was 
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restored, he presently went to the larger plant 
ot the Midvale steel works of Philadelphia 
(1878)" (1) "At Midvale between 1880 and 1890 
Taylor developed the principles of the science of 
management, which were to influence industry 
throughout the world. In 1898 he left Midvale and 
joined the statf of the Bethlehem steel Company 
where he spent three years in installing and de-
veloping his methods. 
Taylor retired from active practice in 1901 
when only 47 years of age in order to devote his 
time to writing, lecturing and promoting the art 
and science of management as he conceived it. His 
first book "Shop Management," appeared in 1903 1 
and was followed in 1911 by "The Principles of 
Scientific Management." Many honors were accorded 
him in these years. In 1906 he was elected president 
of the American society of Mechanical Engineers. 
His death March 21, 1915, was premature, as he was 
only 59 years of age." (2) 
The doctrines of good management were carried to the 
industrial public by a gradually expanding group of followers 
after Taylor's retirement in 1901 from the commercial field. 
Prominent among those who formed individual systems and methods 
differing in detail from Taylors, although fundamentally 
similar, were Henry L. Gantt, Harrington Emerson, Carl Barth 
and Frank Gilbreth. 
"Taylors ideas finally took shape in four 
fundamental principles which he termed duite.s of 
management, as follows: 
1. The development of a science tor each 
element of mana work, to replace the old rule-of 
thumb method. 
2. The selection of the best worker for each 
particutar task, and then the effort to train, teach 
· ( 1} Anderson, A. G., Industrial En~ineering & Factory Management 
(New York, 19 8) 1 p. 19 . (2) Ibid., p. 22 
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and develop the worker, in place of the former 
practice of allowing the worker to select his own 
task and train himself as best he could. 
3. The bringing of the science to the worker 
and cooperation with him to the end that all work 
might be done in accordance with the principles of 
the science which has been developed. 
4. The assumption by management of the responsi-
bility for the fore-going and for planning the work." (l) 
With the tremendous expansion of business from 1880 to 
1914, .for the first time, came competition. Supply had caugnt 
up wi~h demand. Attention centered upon efforts to reduce pro-
duction and distribution costs. Wisdom in administration, skill 
in organization and ability in management became important con-
siderations. Radical changes came about in operations with new 
consideration .for the worker. Industry up to 1900 was auto-
cratie, unduly privileged and concerned a~ost solely with 
prof'its. 
During the world war period from 1914 thru 1918 there was 
an unprecedented demand for products requiring exactne13s and 
precision in manufacture. These requirements plus inter-
changeability and necessity f'or maximum output forced business 
to bring into play every know managerial device which might 
expedite or better production control. Business was 1mmeasur-
ably advanced through this .forced research and experimentation. 
The scarcity of labor and the demand for production facilities 
brought about the creation of .factories in all lines which 
were marvels of efficiency. 
Added impetus was given to scientific management and pro-
(1) Anderson, A. G., Industrial Engineering & Factory Management 
(New Yorx, 19gS), P• 2o 
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duction control by the severe business and industrial de-
pression of 1920 and others up to the present time. Industry 
constantly sought ways and means to out costs and increase 
efficiency. This constant industrial movement towards improve-
ment has resalted in a great change in management methods and 
knowledge. Management whieh in 1895 was unorganized, almost 
without literature, organ or medium for the interchange of 
experience, association or organization of any kind is now 
in an entirely different position. 
''Today current managerial experience and 
practice is available through a wealth of magazines 
and book literature, by published reports of 
industrial societies, manufacturing associations, 
research bureaus and of the like. The Taylor 
society is definitely organized for the purpose of 
promoting the science and art of administration and 
of management. The American Society of Mechanical 
Engineers has a division devoted t~ industrial 
management practice. The American Management Assoc-
iation, composed largely of business and industrial 
executives, covers- an even broader field. The 
Society of Industrial Engineers represents still 
another group active in perfecting management 
technique." ( 1) · 
With the growth in business and its change in management 
methods of control we find a great change in the way pro-
duction is controlled. In early plants control of material 
production through supervision of operation and planning was 
incidental and accomplished by giving ver.bal instructions. 
The actual application of skill and effort in the conversion 
of materials was the important thing. 
tl) Anderson, A. G., .Industrial Engineering & Factory Management 
(-New York, 1928), p. 11 
Formerly the production office consisted of the super-
' intendant, several foremen, and a few special officers such 
as a storekeeper and a timekeeper. The superintendent re-
ceived the formal order or instructio~ for the work, gave it 
a number, letter or some other distinguishing ma~ and sent 
each forema~ an order instructing him how to proceed with his 
part of the work, trusting to natural cooperation among the 
foreman to keep the correct sequence of operations so that 
the finished product would be shipped on time. · There was no 
standardization of tools, appliances and implements throughout 
the works and office. No standard was set for the multitude 
of small operations which were repeated day after day. The 
idea was to let each workman develop his individuality by 
choosing the particular implements and methods which suited 
him best. Each workman was theoretically responsible for 
the results. This theory proved to be unpractical because 
the workmen were not held to any definite standard of uni-
for.mity of quality or quantity of work. 
Formerly, even under the Taylor System, shop routine, 
tools, et cetera were standardized with the purpose of de-
creasing costs and increasing efficiency but the actu.al 
flow of material from the time of its arrival until shipped 
as a finished product was not scientifically controlled 
from a central point. 
From its stal'l; under the Taylor System, as a general 
part of management, production control has now grown to be 
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a separate and indispensible part of industry. It is now 
a definite science which standardizes not only tools but 
material, routine, planning and the like. 
'l'his grovi'th of production control as a science was at 
first slow and intermittent. The men who fostered it 
worked mainly towards building up a better control in the 
specific industries they were employed in. 
'!'his pioneering work, mainly of the last fifteen years, 
on production control has already had a tar reaching effect 
on industry. The interest aroused has resulted in many 
periodicals, books and magazine articles being written on the 
subject. various societies and organizations, such as the 
National Conference Board have also been formed for the pur-
pose of promoting the study of this science. The many pro-
duction control systems advocated, although varying widely 
in details, are all basically the s~e. 
"Today the following differences between the old 
and new type of management stand out: 
Old Rule- of Thumb, 
Trial and Error 
:Management 
1. Decisions b~sed 
upon personal opinions, 
prejudicies, trial and 
error and guess work. 
2. Responsibility 
for knowledge of trade 
methods of work planning 
and production rest with 
workers 
3. Records left 
to memory of worker and 
foreman 
1. Decisions based 
upon facts, scientific 
knowledge and science 
of work. 
2. Management ass um.e s 
responsibility for know-
ledge of work, methods, 
planning and production. 
3. Accurate, definite 
written records. 
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4. · Amount of work 
and tasks set by workers. 
5. selection of 
workers on the basis of 
personal opinion only. 
6. Low wages and 
low cost. 
7. Time and 
straight piece work 
wages. 
8. Individualism 
9. Restriction of 
output under voluntary 
production. 
10. · Management 
drives workers. 
11. Generalization 
of trades. 
12. Belief that 
workers and managements 
interest are different. 
4. Task and amount 
of work set by management--
time and motion, study and 
job analysis. 
5. Scientific selection 
and training of workers. 
6. High wages and 
low cost. 
7. Incentive wages. 
8. Cooperation 
9. Maximum output under 
increased production activi-
ties. 
10. :Management leads 
workers. 
11 •.. Specialization of 
workers. 
12. Belief that interest 
of workers and management are 
similar." (1) 
{ 1) Walters, J. E., Modern Management (New York, 193'7), pages 12 a 13 
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Chapter 111 
OFFICE PREPARATION FOR PRODUCTION CONTROL 
Before any definite change is made in a going concern~ 
production control system there must be a detailed investi-
gation and an analysis of the necessity for the change. 
Whether an outside expert is hired to carry out the investi-
gation or some one in the plant is selected for the work 
certain definite details must be thoroughly checked if a 
satisfactory conclusion is to be reached, as to the production 
control system best suited to the factory. 
In order to check these details the following points 
must be considered. 
Type of manufacture engaged in. 
1. Limited line of products in large quantities. 
2. Large number of products, but always in large 
quantities. 
3. Large number of lines, some relatively large 
quantities and others in small quantities or to order. 
-l3-
4. Job shops, manufacture apparatus distinctly and 
only to order. 
Production control is necessary in all four types of 
establishments; but the problems confronting each vary widely 
and the method will differ materially in each case. This 
information will help the investigator select the type of 
system best suited to his requirements. 
Percentage of the market supplied. 
1. will the additional units produced be absorbed at 
a profit? 
2. How much more will the market absorb? 
3. will the additional .expense be justified by a 
reasonable ·profit? 
This information will serve as a guide to the type of 
system changes and production refinements necessary. 
In order to determine the system to adopt, the investi-
gator must check and analyze: 
1. Reports and bulletins of other firms. 
2. ~echnical and trade journals. 
3. Magazine articles. 
4. Books 
5. Systems in actual operation in other plants, where 
possible. 
He must conduct scientific experiments on his findings, 
in which all factors are taken into consideration and analyzed 
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one at a time. In order to do this he must determine in 
advance the best method of making the test. 
The major parts and details of the various systems 
checked must be carefully analyzed as to their particular 
value in his plant. In these experiments the investigator 
must consider under each system checked. 
1. Cost of alteration to buildings. 
2. Cost of new equipment and change over of old equipment. 
3. Cost of labor and personnel changes. 
4. Cost of factory and office changes. 
5. Cost of producing under each system investigated. 
6. Cost of operation of system-overhead included. · 
7. Cost of the actual introduction of ~he system. 
8. Any other cost factors which would enter into the 
change over from one production control system to another. 
These factors must be compared as to cost, productivity, 
adaptability and ease of operation with corresponding factors 
in the system in use. 
The investigator must make a comparative production 
analysis of the various systems which will include: 
1. Materials used. 
2. Operation study. 
a. Machine capacity. 
b. Labor capacity. 
The study will include the advantages and disadvantages of 
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each system and comparison of the amount of products capable 
of being produced under each system. The object is to find 
a system which will produce the product desired at the lowest 
cost consistent with the maintenance of the intended standard 
of quality. 
In making this study full advantage should be taken of 
such available information with proven results from other 
organizations as can be applied to your organization. 
The chances of error in calculation or reasoning should 
be reduced to a minimum ~ recording all observations and 
tests in details as the investigation progresses. 
After the new pro~uction control system and its details 
have been decided upon the next step is to set up a written 
layout or plan as to who will control the system. The extent 
o:t the supervisory organization, as well as that of sub-
ordinates necessary to run the system selected, will depend 
on whether the plant is of the jobbing or repetition manu-
facturing type. 
The final step in the preparation for production control 
iS to form written records definitely stating the limit of 
authority in regard to production control, of all persons 
connected with the system from the works manager down. These 
records must be formed from data decided on in special meetings 
of the executives for this purpose. This will prevent pro-
duction mixups through special emergency orders, duplications 
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of orders, et cetra and gives the workers knowledge· of whom 
they should go to in case of trouble or for information. 
Problems of introducing the production control system. 
Difficulties of application.-It is to be expected that 
the project of introducing a new method of handling the materials 
and the like will encounter difficulties. The champions do not 
at once acquire perfection in practice and as they feel their 
way toward a new point of view their utterances are not even 
consistent. The great mass of minds are mildly negative, pre-
ferring that someone else should "waste money" on experiments. 
Active hostility arises from those who think their organization 
or their cause is in danger. 
~ven after the system is introduced and office and shop 
procedure is standardized the work is never entirely done 
as there are changes constantly going on which must be taken 
care of. It should be kept in mind that the , change of 
standards from time to time, necessary as it is, is bound to 
arouse opposition. Most workers resent change, no matter how 
desirable, and careful steps must be taken to tactfully win 
them over if the best results are to follow from the new 
standards. 
How to introduce and install the new system.·A.fter the 
investigator has completed the details of his investigation and 
is satisfied that the steps to be used are all necessary and 
will be performed in the best manner and arranged in proper 
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sequence he is ready to proceed with the introduction and 
installation of the system. 
In presenting the system for consideration the general 
plan should be given without discussing the details. After 
the persons are convinced of the soundness of the general 
plan, the details should them be given. 
The human factor plays a vital part in the operation of 
any system. ~rogress will be made easier ~ using the following 
rules when installing the new system. 
1. Make changes gradually-a complete reorganization of 
a system brings confusion and misunderstanding. 
2. Adopt new ideas into the system from existing methods 
only as rapidly as can be wholeheartedly accepted and under-
stood by members of the organization. 
3. Have the umderlying principles sound and ones the 
personnel likes. Better results are obtained this way than 
by having disliked principles with hard and fast rules. 
4. Members of the organization from the manager down 
should be thoroughly "sold" on the plan and its general 
principles. Their enthusiasm and interest are the best con-
tributions toward the successful operation of the plan. 
Since standardization or change can proceed only slowly, 
it is usually better to start in some one department or on 
some routine where marked results may be expected, either 
because of the importance of the work or the inefficiency of 
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present methods. The results accomplished here will then aid 
in securing the cooperation of other departments. 
It is necessary in installing the system to select men 
trained for this work. They must thoroughly explain the system 
and its details to all concerned through written and verbal 
class instruction. The instructors must be sure that the 
principles and details of the system are understood by all be-
fore class instruction is discontinued. A common mistake made 
in the installation of a new system is to rush a person into 
the details of the system without training or with very little 
training and feel the person can without experience or with 
experience from another line comprehend the whole in a very 
short time. 
It is a good policy once a system has been installed to 
make the persons in the system sympathetic towards it by 
making them responsible for it. 
setting up procedure. 
General office layout. 
In the investigation conducted on the relative costs 
of one system to another, the office layout should be ohecked 
and a sketch drawing made showing the present and the proposed 
space. 
As soon as a definite office plan and system has been 
decided upon, arrangements ahould be made to gradually change 
the office over to fit the system as it is installed. 
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All details such as standard size desks, carefully 
studied and centrally controlled filing systems, standard 
records and the like will gradually be installed as needed. 
Provision will also be made for standard methods of 
training the executives and employees in the details of the 
new system previous to the actual use and during use. 
The office will be arranged in such a way as to avoid 
unnecessary travel. The work will flow in straight lines 
and always forward from one desk to another. 
Engineering office.-The engineering office is not a part 
of the production control system. With the introduction of 
the new system of production control the changes will not con-
sist of the reorganization of the office and the personnel as 
in the general office. The changes will be in the form of 
a cooperative understanding with the production office wherein 
the old system of untimed, haphazard issuing of manufacturing 
instructions from the original production orders will be dis-
carded. A new system will be set up in which drawings to be 
issued will be scheduled to a definite finish date and time 
limits will be set on the issuing of manufacturing instructions. 
This will help control production by giving definite dates at 
which drawings and instructions may be expected. 
Drafting room. 
1. Reorganization of the drafting room. 
a. standardization of drafting materials (paper etc.) 
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b. standardization of technique 
c. Distribution of designs (blue prints) with each 
job. 
d. Standardization of designs as much as possible 
to utilize old designs and materials and cut down small 
quantity ord$rs of special sizes and grades of material 
e. Preparation of interchangeability. Requires 
close cooperation of designing department, tool roam and 
foundry. 
' The drafting room should be laid out on the same princi-
ples as the general office, that is~ standard drawing boards, 
chairs, records paper, travel, et cetera. It must be set up 
in close cooperation with the production. and engineering depart-
ments, so that any notices of change in design or materials 
will immediately become known and put into effect, regardless 
of whether the material is in process or in its raw state. 
Production control h a s a definite effect and check on the 
drafting department through the speeding up of its work by the 
scheduling of drawings and material lists. 
Receiving and shipping.-Neither the receiving or the shipp-
ing departments, important as they are in controlling the flow 
of materials in and out of the plant, are controlled by the pro-
duction control system. 
The receiving department received all goods consigned to 
the factory. This one department is exclusively responsible 
for the receiving and distribution of outside supplies. It 
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must be so situated that nothing can coma into the factory 
unobserved. It must be so organized that no packages can came 
in or be distributed without its having a definite record of 
receiving and distributing them. It must have a requisition 
system in the form of a file index so that the receiving clerk 
knows at all times what material is to come in and what has 
been received and can advise the production man upon inquiry 
whether the material is in or not. It is very important to 
the production control system that the records of receiving and 
distribution of goods be accurate and controlled. 
In many factories the goods after being received are 
delivered to near by inspectors who cheek the material 
specifications against those called for on the purchasing 
requisition order. All material passed is returned to the 
receiving department whiCh distributes it to its proper des-
tination. In ease of rejected goods- they are held in the 
inspection department pending instructions from the purchasing 
department. The receiving clerk is held responsible for the 
sending of the rejected goods to the shipping department for 
shipment to the manufacturer in accordance With instructions 
issued by the purchasing department. Necessary replacements 
of material are ordered by the production department. A daily 
receiving record is sent to each purchasing and progress office 
each morning. 
The shipping departments main connection with production 
control is to ship the goods produced, when and how wanted and 
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to keep accurate records of shipments. If the factory is large 
the shipments should be routinized under a traffic expert. 
The production department should cooperate with the shipping 
department on the shipment of all orders. In a large plant 
where large individual machines are manufactured and shipped at 
irregular intervals, the shipping department should be notified 
of the intended shipment by the production department making 
the shipment. This notification should be given as soon as a 
definite date is established as to when the nearly completed 
machine will be ready for shipment. This allows time for the 
shipping department to make all necessary arrangements for order• 
ing in cars, boxes, skids, et cetera. The production department 
can then, based on the shipping departments promise, definitely 
advise the customer of the actual shipment date and how the 
material will be shipped. 
All material to be shipped must be accompanied with 
necessary shipping papers issued by the production department. 
All shipments must be recorded and a record kept available 1n 
a file in the shipping department. A daily report of all ship-
ments should be sent out to all interested departments. 
Reorganization and coordination of all divisions of work 
and all departments effected.-The best way to check up on the 
necessary changes in the departments and in the d1 visions of 
work within the departments is to make a survey or an investi-
gation which will utilize the following methods: 
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1. Determine what are the ordinar.y, the occasional, 
and the participating duties connected with each job and 
position in the production control organization. This is best 
accomplished by letting each worker list his duties and submit 
them to his superior for correction. In a like way have each 
executive in turn list his duties. 
2. Cheek up and see whether the reports are correct. If 
certain duplieation exists make a note of it. 
3. Group all responsibilities by departments and functions 
within each department, making a complete departmental organi-
zation chart for each department. 
4. Cheek and eliminate, wherever possible, all overlapp~ 
ing or duplications of duties that are disclosed. 
5. Check up on the existing chart and determine whether 
it places the authority and responsibility most effectively. 
. . 
6. Determine whether the organization as operating re-
lieves the men in the more important positions of· routine work. 
7. Is there a general ,company policy as to whether con-
trol is to be line, line-and-staff and functional, centralized. 
or decentralized, and is it being expressed in the production 
control organization? 
After the above details have been carried out, each job 
must be checked. as to its necessity and purpose. If found 
necessary it must be studied to make sure it is being per-
formed ·in the most efficient way both ·for the benefit of the -
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performer and the company. Each individual should be cheeked 
as to his e.f.fieieney .and the possibility of' increasing this 
efficiency. 
After each job has been thoroughly analyzed and all un-
neees sary details removed, as near standard routine as possible -
should be set up .for doing the work. Each individual assigned 
to do the job should be· trained in the correct method of' · 
carrying on the work. 
After the routine has been. decided upon for each job, the 
next task is to coordinate the different divisions of work in 
such a way that the work will flow f'rom one section to the 
other with as little interruption and f'rietlon as possible. 
A definite study should be made of the actual flow of paper 
work from department · to department. Flow charts should be cons-
tructed and posted for public use. The entire office force 
should be educated~ through talks and informal conference, to 
understand how and why the work flows as it does. Each person 
should be trained in as far as possible to handle other persons 
work so that in ease of' sickness or absence the flow of work 
will not be interrupted. All leaders must thoro\lghly understand 
the office routine and follow it whenever possible in their 
efforts, rather than rush their work through special by means 
ot snort outs and thus throw the routine out of balance. 
Where it is felt that motion study would help correct a 
situation it should be carried out. 
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The location and coordination o£ departments should be 
according to (1} £low o£ work (2) natural sequence (3} type 
of work. 
The methods and details o£ the reorganization and the 
coordination of departments will va17 with the type or 
'• 
manufacturing plant and the type of production control system 
installed. 
Simplification and standardization of routine, records, 
des~gn, quality, instruction, and the like.-Under many systems 
of production, simplification and standardization are not 
thoroughly carried out. · Production control systems are based 
as much as possible on evenness .. of control and therefore to be 
e£ficient must have all details in connection with them simpli-
fied and standardized. 
The purpose of simplification and standardization is to 
eliminate waste, decrease -costs and increase value in pro-
duction, distribut i on and c.onsumption. They reduce the variety 
of the products in size, dimension; types, at cetera. 
Simpli£ication and standardization may be applied to a pro-
duct, a method, a process or a conception. Standardization 
may be defined as the determination of the best method or the 
best material to use £or any given purpose and strict adherence 
to that best as the standard until a better is found. 
careful analysis, research and experimentation is 
necessary to determine what to and what can be s1mpli£ied and 
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standardized; to what extent and how it should be done. This 
will be partially based on records of past performance. 
The question of evolving a system of standards for 
factory operation calls for a great deal of work covering 
every detail and leaving nothing to guess work. It is a 
continuous process for the ultimate in improvements is never 
reached even if the products and the machines do not change 
which practically never happens. 
Standards of reports and planning allow executives to 
make comparisons as to the expected and the actual results. 
The ··-setting up _ of new departments and their sub-divisions 
to replace, add to, change or supplement existing department.-
On changing over from one production control system to another, 
old unnecessary departments and subdivisions must be revised 
or abandoned. New departments and subdivisions will be set 
u.p, some of which will replace t he old. - These changes and 
additions should be made only after a defin·ite proof has been 
established for the need of them. 
Hasty changes are apt to cause confusion, and they 
frequently result in the abandonment of certain new depart-
ments as being impractical. 
Reorganizat-ion and rearrangement of personnel.-In the 
reorganization of the various departments provision must be 
made for adequate personne:J.. to run them. The authority and 
responsibility for this should be delegated to a group of 
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specialists to plan out, using the following sequence of 
checks: ( l) .Define the object of each department; ( 2} make 
a technical analysis of the best ways of accomplishing the 
object and; (3} make a survey of the people in the organization 
as to their capabilities for carrying on the necessary work 
and; (4} make the organization plan fit both the available 
personnel and the functional activities disclosed as neces-
sary by the technical analysis. 
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Chapter lV 
SHOP PREPARATION FOR PRODUCTION CONTROL 
Shop layout 
Definitions.-In order that the terms production center, 
layout and shop, used in later · paragraphs, may be more 
clearly understood the following definitions are given: 
1. Production center. 
"A single process with its workmen, mechanical 
equipment and spaces for stock is a production 
center." (1) 
2. A shop. 
"An assemblage of like or closely connected 
production centers, handled by a single administrative 
unit, and embracing not only production centers but 
supplementary centers for administration, communi-
cation and the like constitutes a shop." (2) 
3. Principles of layout 
Alfords defines the principles of layout as follows: 
"A thorough production analysis, considering 
the factory as a whole as a production machine 
should accurately and definitely determine manu-
facturing requirements. To this ·end the flow of 
work must be known, the processes through which the 
material must pass, their sequence, the machines or 
equipment required, and if p,roduct is varied volumes 
of various kinds of work." 'Although the principles 
(I) Jones, E. D., Administration of Industrial Enterprises 
(New York, 1925), p. 69 
(2) Ibid., P• 71 
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of layouts are essentially the same for all 
industries, in application the ··results will vary 
depending upon the type of product, the size of 
plant, the variety of output and anJ limitations 
imposed. For example in practice, most layouts 
must be fitted into existing buildings." (1) 
The 1ayout of departments and production centers and 
their relation to each other must be correct or the pro-
duction machine will be clumsy and awkward in operation and 
consequently inefficient. Layout has a direct influence upon 
the costs of handling of work in process, expense of production 
control,and the like. 
The processes determine the layout, and the arrangements 
for manufacture should be logical expression of production 
process needs. 
or primary consideration in layout work is the main 
channel or flow of work in process. Such a study will indi-
cate the departments needed, approximate areas and locations, 
but not details a s to type, number of machines, or arrange-
ment of machinery and process equipment. The result of the 
study will be recorded in the form of a flow sheet processes. 
Eaoh building in a plant must be considered in the new 
layout, and arranged so that its functions will perform 
smoothly and as an intimately coordinated whole. 
A proper plan is economical and insures complete 
utilization of machines, men, and the like by facilitating 
the movement of material from process to process. This 
(1) Alfords, L. P., Cost and production ·Handbook 
(New York, 1934), p. 714 
--------
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prevents a crowded shop which hampers free and easy movement 
of material and men and tends to spoil material. 
Production centers must be analyzed and established 
as to area, uses, et cetera. Each production center should 
be coordinated in capacity with those centers which precede 
it or follow it and which must therefore either :· supply it 
with work or take work from it. This allows the factory to 
keep full of work and under even pressure. 
The layout is vitally important as the highest degree 
of operating skill will not assure the success of an enter-
prise, if the physical layout and equipment do not make 
possible low-cost production. 
On the basis of the known space requirements of pro-
duction centers, and the sequence of processes, and taking 
into due account the laws of coordination and transportation 
a process-area-diagram can be constructed. 
' Machine layout.-In considering the necessary machine layout 
in the shop the following should be checked: 
.1. The need for the equipment. 
2 • . Type of manufacturing engaged in 
a. Continuous type- Machines especially designed for 
work arg best for this type. 
b. Jobbing- General type of equipment adaptable to 
many operations is best for this type 
c. Intermittant-Machines which are in between those 
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used in the above two types of manufacturing are best for 
this t ype. 
The machines sho~ld be located as close together as 
practicable as clos.e spacing saves handling of material. 
They should be located so that orderly, effective and ,eco-
nomical progress of one to .the other goes op. In laying out 
the machines ¢onsideration should be given to the possibility 
of preventing future idle-equipment. Idle equipment is 
costly as · it means a steady loss for every hour of idleness 
varying from four to ten or twelve dollars per hour. Men can 
be laid off if idle but the machine cannot and costs the same 
for depreciation, insurance, taxes, floor space occupied, ~t 
cetera, whether running or not. In addition to this there is 
·the loss of income which some other machine in its place would 
_, 
have supplied. 
Machine equipment 
"In designing products and planning for their 
manufacture, decisions are reached with respect to 
the operations to be pe_rfo.rmed, the sequence of -
ope~ations on each part, and the tools and machines. 
to be used. Product designs should be analyzed by 
the manufacturing department before final approval . 
to eliminate features which would prove troublesome 
in the factory, or add to the cost. For each part 
there will be prepared an operation list indicating 
the operations needed, where performed, their se-
quence, and other information. This rec<>rd serves. 
also as a master route card for the part. A summary 
of similar data for all the parts produced with 
information of the time required for each operation 
or process will aid in determining the amount of 
machine equipment needed for each department. 
General factors to be considered are: 
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1~ Volume of production. 
2~ Capacity of equipment. 
3~ Hours of work _planned tor. 
4. Normal production capacity ·considering working 
arrangements, idle time for set-ups, repairs, schedul-
ing, et cetera.". J 1) · · · 
The -size, weight, bulk, and the like of the product will . 
have a good deal ot influence over the size of the machine 
selected. 
Grouping of machines.-It -is essential that the equipment 
ot an entire department or factory be integrated~ Integration 
means that the various units be so selected that there will be 
just sufficient of each kind of machine to care for the out-
put as it moves from machine to machine in the manut'acturing 
process. Failure to balance the machinery in this way results 
in "bottle-necksn as they are called, that is machines or e;roups 
of machines whose output is so limited that ~hey hold up the 
production ot . the entire shop. 
There are two general schemes of machine department-
alization or machine grouping. 
( 1) 
( 2) 
1. "Product grouping or divisional plan. 
All machines tor making one product are ar.ranged 
in one group in accordance with the assembly diagram. 
Lathes tor example would be used at two or three 
points along the line 
. 2. Process or functional grouping. 
All machines performing one kind of process are brought 
together. There would be a lathe department, a press 
department and the like.n (2) 
Alfords, L. P., Cost and Production Handbook 
· TNew York, 1934), pages 717-718 
Dutton, H. P., Factorz Management 
(New York, 1924}, p. 109 
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The answer to the question, which of the two schemes of 
machine departmentalization should be used in a certain factory, 
will depend on the type of business engaged in. 
1. Mass production basis or straight-line production. 
For straight-line production the necessary machines are 
arranged along a natural path of travel of the material or 
part, so that each operation is performed in its natural 
sequence, as the parts move onward. Thus, machines of a kind 
as drill presses, may be placed at more than one point in the 
line, and in the numbers required at each point to keep produc-
tion moving and avoid congestion. 
2. Job production basis 
For the manufacture of a variety of products in relatively 
small quantities, a functional arrangement of machines, that is 
departmental grouping by kind of machines, will be best. In 
laying out a group of machines for a variety of products which 
follow various paths, the layout would be made primarily with 
reference to the product made in the largest quantity. 
3. Intermittant production basis 
Machines for this type of manufacturing will be function-
ally arranged as for job proquction. 
Material handling equipment.-A problem which is faced by 
all manufacturing concerns is the selection of the means of 
moving the material from operation to operation from the time 
it is issued from the store room until it reaches the shipping 
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d~partment. It is generally one of the most difficult problems 
which the factory management must solve. 
. . . 
This problem, although vitally interesting to production 
control, is not one that the production department has to 
solve. The production department must, however, before 
laying out definite time schedules, check the efficiency of 
material handling methods and be sure that the material 
handling equipment is sufficient to efficiently carry out 
all the required movements of material at the required time. 
In studying the flow of production it is well to know 
the total time which elapses between starting material in 
work and completing it; to know the total time it is being 
worked upon as compared with the total time which elapses 
between operations. 
The production department should make sure that as far 
as practical a standard procedure and schedule is set up 
for all material movements and regular routes are laid out. 
The effect of inefficient material handling methods 
and equipment is thus stated by Westbrook: "Inactive materials 
in process, near operations and machines reduce available space, 
slow up the flow of work and are a constant source of confusion 
and inefficiency." (1) 
(l} Westbrook, F. A., Industrial Management in this Machine Age 
(New York, 1932), p. 223 
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"By keeping a steady flow of materials to and 
from machines production may be increased without 
increasing cost.s because the operator does not have 
to lose time through leaving his machine at intervals 
to bring in new work and remove .finished work•" (1) 
Proper attention given to the routing of work and the 
sequence of operations when arranging the location of depart-
ments and machines will greatly minimize the amount of handl-
ing in the movement of work. 
Stockroom layout.-stoekroom layout and equipment varies 
widely, depending upon the product to be stored. 
Storeroom layouts generally include those for raw 
materials, .finished products and for finished or partially 
finished ,parts in process. The size of the plant and the 
variety of manufacture influence to a considerable degree 
the centralization of these areas. 
Raw materials are usually located close to a receiving 
track or platform and adjacent to the manu.facturing depart-
ments which will perfor.m the initial operation on the 
material. 
Separate storerooms may be advisable for di.fferent 
classes of material as for paper, steel stocks and for 
paints . and varnished. The size of the plant, location of 
the departments, available trackage and character of 
materials to be stored are determining factors. 
Outdoor storage is practical tor ma~erials not injured 
( 1) Westb~ook, F. A., Industrial Management in this Machine Age 
lNewYork, 1932), p. 224 
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by the weather or made more costly to handle as a consequence 
or freezing, becoming wet or rusting. stores light in weight, 
having special characteristics of high value may be stored 
close to points of use and under control of the department 
concerned. 
Manufacturers whose product contains large quantities 
of small parts store them in shelving or.7...raek space designed 
for the purpose. Assembly and sub-assembly material is 
I 
stored in special pans or tote boxes and moved from storage 
into production where the necessary operations are performed 
on them, when called for. Bins for storage are common. The 
double bin is often used so that the old stock is issued 
from one and the new stock placed in the other. This prevents 
accumulation of dead stock at the bottom and deteriorat i on 
through rust, at cetera. 
Immediate storage of . parts, during the manufacturing 
process, is logically adjacent or near to those departments 
which require the material. One stockroom can be used for 
different classes of material in different stages of manufac-
ture. Finished products are usually stored near to the shipp-
ing depart.ments and convenient for loading operations. 
Toolroom layout.-Tool rooms in which tools, fixtures, 
dies and the like are kept should be located conveniently to the 
manufacturing areas served. These should include facilities for 
sharpening and repairing tools. A. common practice is to have a 
-38-
central tool department where tool making, if any is carried 
on; where expensive and less frequently used tools are kept; 
where major repairing is done and tool records kept. This is 
supplemented by a number of smaller tool cribs located about 
the plant where needed. 
Storage space layout.-storage space layouts should be 
ample in size, sufficient in quantity and conveniently located 
so that whenever stock is needed it can be quickly and easily 
drawn. 
Tool and fixture planning and control.-The problem of' 
keeping a large or a small factory adequately supplied with 
the proper tooLa is a very important one. Having the right 
tool, in perfect condition, delivered to the place needed at 
"the right time is a vital necessity if production is to be 
adequately controlled. To ensure the proper control of tools 
the planning of the tools should be centralized in the hands 
of a few persons in the planning department or under an 
engineer whose department and time is given over to procuring 
and maintaining the productive equipment. 
There are many variable factors, such as the size of' the 
factory, the scope of the work, the storage facilities and 
the number and the size of the tools used, which largely 
determine the best tool control system to adopt. It is also 
necessary to consider _the questions of' the practicability and 
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adaptability of any system of tool control to the. needs of 
the factory, whether small or large and the cost of installing 
and operating the system. 
The change over from one system to another is difficult • 
Each step must be planned in advance and made clear to all 
persons connected with the system, when it is installed. 
The tool room and tool cribs must be carefully laid out 
and located. In a previous section under toolroom layout we 
have told how this should be done. 
In the setting up of the tool room and the tool and 
fixture control system. The following things must be done. 
1. Carefully select experienced personnel for use in 
the planning of the tools and the running of the tool rooms 
and cribs. · 
2. Set up a system of planning, making, checking and 
distribution of the tools to the shop; of the formation and 
issuance of tool instructions. 
3. Set up written tool standards with provisions for 
maintenance of the standards-as a standards or maintenance 
department. 
4. Set up a system for the authorization of new tools, 
their purchase, acceptance and replacement. Form standard 
written instructions. 
5. Build up an efficient tool room and tool crib service 
with accurate records which will show the tools on hand at 
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all times and their location.-Tool index file 
6. Standardize all tools and tool lists-pre-determined 
tool lists should be made up of necessary tools only. These 
lists in the form of a tool -catalogue is issued and maintained 
by the tool department. It will contain tabulated sheets of 
general and divisional tools, so classified as to show their 
present use, and so tabulated as to be definitely usable else-
where if required. Periodical revisions should be carried out. 
7. Classify all tools. 
8. Locate and arrange racks and bins so that all tools 
will be kept in order. Assign a definite location for each 
tool as it is received. 
9. Standardize all instructions on tools, including 
special fixtures and tools. 
10. Set up a flexible system of too~ distribution which 
will: 
a. Maintain a record of all tools drawn, by whom, 
and the date, (workmans file index), and all tools out for 
repairs. Maintain a tool utilization index showing the number 
of times a tool is used for any given period. 
b. Provide written tool distribution standards. 
11. Set up a system of tool storage. 
12. Set up a system of periodic inspection of all tools 
and of all phases of the tool system. 
a. Provisions for inspection of the condition of 
each tool as it is returned. 
b. Provisions for repair and sharpening of tools. 
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e. Provisions for periodic tool inventory. Tool 
stock must be kept at a minimum. 
13. Set up a research and experiment department. This 
is necessary as tool development is in a stage of perpetual 
change and progress. 
14. Set up a system of borrowing from other tool cribs. 
In the above listing the word tool is used to signify 
all tools necessary to carry on production such as drills, 
milling cutters, jogs, fixtures and the like • . 
The aim of tool control is service and the purpose is 
to aid production. "Therefore, the test of any order or 
·regulation governing the activities of the tool system should 
be; "does it expedite tool service to the factory as a whole?" (1) 
Having laid out and prepared the office and shop for 
production control we will in the next chapter discuss what 
production control consists of and give specific examples with 
forms as to how it works at the General Electric Company. 
( 1) Christensen, A. L., Tool Control (New York, 1926), p. 94 
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Chapter V 
PRODUCTION CONTROL 
Relation to major business departments. 
The production department which handles the production 
control system is closely tied up with and affects all 
other major departments. For this reason it is necessary 
that close cooperation and coordination exist between all 
departments and the production department. 
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Types of production control 
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Basic functions of production and production control 
As applied 
to produc-
tion The 
product 
(what) 
Process 
(How) 
Shop pro-
gram (When) 
Costs 
As applied 
to finance 
As applied 
to selling 
Design 
Engineering 
or design 
department 
Operating 
Analysis 
routing 
Schedule 
Methods 
depart- -
ment All 
depart-
ments 
Budget 
Sales plan 
policies 
advertising 
plans 
market 
analysis 
Supply Operation 
Purchasing Manufacturing 
Stores Processes 
Equipment Manufacturing 
Men Processes 
Dispatch Performance 
Standard Performance 
instruc-
tiona 
Capital Conduct of 
borrow- business 
ings 
Personal The sale 
stock 
Funds 
Kinds of production control 
Control 
Inspection 
Foremen 
Follow-up 
Cost re-
cords 
Budget 
Super-
vision 
Sales 
Manager 
General 
Management 
"Broadly speaking, there are three kinds of 
production control methods. These are: 
TI> 
1. The centralized method. 
With this method the centralized planning 
section receives from the engineering department 
details regarding the manufacturing orders such as 
the work to be done, where it is to be done, what 
Gardiner, G. L., Business Management 
{Chicago, 19:36), Vol. 2, p. 72 
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machines or equipment are to be used and the 
materials required. The planning section them 
plans the exact sequence of production of parts 
so that all parts entering into an assembly will be 
brought together on the assembly floor at the same 
time. It reserves on the stock records, the amount 
of materials or parts required, and if need be, 
places a purchase requisition with the purchasing 
agent. It makes all arrangements for the factory in 
regard to materials, tools and equipment, and some-
times even assigns work to particular machines or 
workmen. Furthermore, the planning section issues 
tickets which releases and controls work in the shop. 
It then closely follows up production during each 
day so as to compare the actual results with the pre-
planned schedule so that if production lags any where 
along the line corrective steps may be taken a t once. 
2. The decentralized method 
This method is directly opposite to the cen-
tralized type. With the decentralized method each 
foremen is g iven a copy of the orders to be manu-
factured in his shop. He is responsible for seeing 
that the necessary supplies, materials and tools 
are available and that work is laid out to the 
machines on which the work should be done. He i s 
responsible for so planning the work ahead of each 
machine that idle time is cut down to a minimum and 
the work is put through the operation to be per-
.formed as quickly and as economically as possible. 
It is evident that with the decentralized method, a 
separate planning division is necessary. When the 
shop is large, employing a hundred or two hundred 
or more men as many of them do, the foreman would 
have to have assistance in the planning and control 
of his shop. If the need is great enough the shop 
might maintain a planning section of its own; the 
number of persons in the section depending upon the 
amount and kind of work covered. 
3. Partially centralized methods. 
Between the centralized and decentralized methods 
it is possible to set up any number of methods which 
may vary all the way from one extreme to the other, 
each designed so as to best fit the conditions in 
the particular plant in question. It is not at all 
uncommon to find in practice a method which is about 
midway between the strictly centralized and the 
stri ctly decentralized methods. Under such a method 
there would be a centralized planning section which 
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would receive and analyze all orders to be manu .. 
factured. It would schedule the orders and the 
work to be done to each manufacturing section or 
shop. The foremen of the respective shops would 
in turn plan and control the work within their 
own shops so that the work required could be gotten 
out in the time allotted. The centralized planning 
section, in addition to scheduling the work to be 
done by each shop, would receive daily reports or 
more often as the case may be of work done in each 
manufacturing section to see if actual production 
was keeping up with that which was scheduled and if 
not suitable> corrective steps would be taken. Such 
a method provides central ·control and at the same 
time p.e·r.mits of greater flexibility within a shop 
to care for everyday happenings to which a schedule 
under the centralized method might not be so readily 
adjusted•" ( 1) 
In practice there is no one such type, but rather each 
concern combines the centralized method with the decentralized 
method in such a way as to have the resultant method best 
fit the needs of the particular ease in question. The ideal 
is a system that will do the job thoroughly without becoming 
more important than the productive operations of the shop. 
The production control system should show at all times: 
1. Where a piece of work is located. 
2. The degree to which the unit of work is completed. 
3. The assigned load of each machine. 
4. The earliest free date for each machine. 
5. The amount of orders or quota for the period that is 
yet unfilled. 
In the setting up and maintaining of a production con-
trol system it must be borne in mind that prod~ction rarely 
(1} Cornell, w., Industrial organization 
(New york, 1906}, pages 450-1-2 
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goes smoothly for any length of time. The control method 
used must therefore be flexible and provide for taking care 
of breakdowns in machinery and many other daily happenings 
in the shop. The persons in cllarge must be men who know what 
to do in emergencies and how to it. The production control 
methods used must be developed to fit the needs and conditions · 
in the particular plant. In jobbing shops or in shops making 
a variety of products, planning cannot be carried as far as 
can be in plants making a standard product. In all manufactur-
ing plants however planning is not only desirable but neces sary 
if production is to move smoothly and economically. 
Production or operating budget. 
In modern factory management the tendency is more and 
more to control production by means of variable budgets and 
estimates of requirements based on the future sales program 
and the ability of a concern to finance the estimated volume 
of production and sales. The first step in the formation of 
the budgets is to translate the sales forecast into a pro-
duction program. The factors that must be considered in this 
translation are: 
l."The availability of adequate production 
facilities as shown in a study of standard operation 
analysis of all the products made. 
2. The length of time required to make the various 
products. 
3. The present and the desired inventory position 
4. The possibilities of leveling production by 
making stock items in the otherwise dull periods. 
5. The possibilities or revising and combining 
the procedures in making the diffe·rent products. 
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6. The determination of the least cost, 
achieved through making the products in correct 
lot sizes 
After the production program has been for.med the manu-
facturing volume must be planned. This involves the follow-
ing four steps: 
"1. Estimating a total to be produced during 
the budget period. 
2. Scheduling production by months or sLmilar 
periods~ 
3. Setting up ·budgetary control devices. 
4. Enforcing or modifying the original 
estimates." (1) 
This will be planned out on broad lines expressed in 
terms of major parts of products. 
The product has now been analyzed into parts and pro-
cesses. Based on this analysis master schedules will be 
compiled for each separate line of product. These schedules 
show the approximate time required to process each item and 
to carry along a unit quantity of product through all stages 
of manufacture. 
After the master schedules have been set up, 
"incoming orders may either be listed a.c~ord­
ing to their dates of delivery and taken up for 
scheduling in that order, or a shop program 
schedule set up in which each order is represented 
by a line, .the length of which will be proportionate 
to the whole set of operations on the master 
schedule." (2) 
The quarterly budget is being advocated, so, if the 
quarterly budget presents an unfavorable picture to the 
general manager he is in a position to take definite action 
TlJ 
( 2) 
Al. f'ords, L. P., Cost and Production Handbook 
(New York, 1934), p. 101 
Ibid., p. 259 
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before and not after it is too late to attain the desired 
result. The three-period span is sufficiently long to permit 
the general manager to initiate and carry through adjust-
ments in purchasing and manUfacturing schedules. 
The chief value of the production budget to production 
control is its production scheduling procedure which provides 
a method of comparing the percentage of actual production 
to the estimated p~oduction and thus tends to level off pro-
duction, employment, shipments and provide .adequate stocks 
at all times. The production budget is not formed by the pro-
duction control department and has no connection with it 
except through the master schedule and as explained above. 
Production control comprises: 
Central control 
The production control system in either a small or large 
factory should be controlled from a central point-the main 
office. From this office the piece work vouchers and other 
necessary papers will either be given directly to the workers 
as the need arises or they will be se~t into the shop to the 
local control sections which have been set up for this pur-
pose. These control sections are called by various names, the 
most frequently used ones are dispatch station, work stations, 
booths and cages. In this paper they will be referred to as 
dispatch stations. 
The personnel in charge generally consists of the production 
~-~-~~- -~---- -
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control supervisor and girl clerks. This personnel will vary 
with the type of manufacturing engaged in, the control system 
used, the accuracy required, the diversity of the product 
manufactured, the amount of production put out and the size 
of the plant. 
The work of the central control department consists 
mainly of': 
1. The issuing of' all production control paper and the 
sending of' labor vouchers and other required control papers 
into the shop according to requested dates from the produc-
tion department. 
2. Receiving, filing and recording of all control papers 
returned by the shop. 
3. Maintaining of accurate records, in file form, of 
all movements of material .in process, unissued, issued and 
returned control papers. 
There are generally three main files located in the 
central control office. The first of these is what is called 
the dead load file. Under no circumstances should this file 
be located elsewhere. The dead load represents all the orders 
for which the individual orders have been prepared but for 
which the starting date has not arrived or for which the 
material or tools are not available. It shows at all times 
the status of' the material assemblies (overdue, current, and 
future) and from it labor book loads are compiled. The dead 
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load is made up of the so-called labor book consfsting of 
dispatch order and labor vouchers or tabulating cards. These 
papers are sent to the dead load file on the initial distri-
bution of the paper and are filed in steel cabinets. The 
master index clerk (girl) operates the dead load. 
It is the dead load file which should be constantly 
analyzed by the supervisor of production control and any one 
else interested. 
The second main file is frequently called the master 
index. This index shows at all times the exact status of each 
order for which the individual order has been duplicated. It 
likewise acts as a medium for locating all prints, tools and 
material which have been issued on current orders. 
It is highly desirable in connection with all non-repeti-
.tive lines of apparatus and in many instances necessary even 
in connection with the lines of standard apparatus. 
The cards are usually filed by drawing and part number. 
A girl clerk should operate this file in conj.unction with the 
dead load file. 
The third of the main files, which are set up in the 
production progress file. It tells at all times the status 
of each requisition or production order. The proper use of 
this file makes it possible to follow the progress of each 
order from the office more efficiently than the old method of 
chasing around the factories. 
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This file is made up of various colored papers which 
replace each other as the order progresses. By watching the 
change in co l ors the exact status of an order is known to any 
one interested. When the order is shipped the papers are 
removed from the file and destroyed. 
The production 'progress file is operated by a girl 
clerk and should be adjacent to the production clerk handling 
the particular line of work. It is es sential that the file 
be kept up to date at all times. 
The progress file may be set up on a control board and 
thus be means of changes of color, a visual picture of the 
status of each requisition is presented. 
Paper preparation 
In paper preparation for production orders, each for.m 
used should be a standard . form which has been ap proved by the 
management and understood as such by all who are concerned 
with it. 
From the stores items ledger ca~s and in some cases, 
the material lists the central control division receives its 
authority to order piece work vouchers and contributing depart-
ment materials. The central control division now issues sub-
sidiary orders, piece work vouchers and other forms necessary 
to carry on production. These will vary with the size of the 
plant and the type of product manufactured. 
The three main methods now in use for duplicating indivi-
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dual orders are (1) 1'luid duplicating !'rom a hectograph master 
form, (2) printing from an addressograph master plate and, 
(3)printing from a cardograph master. The first two or these 
three methods are more frequently used. 
In small plants . where the duplicating machinery required 
for the above methods of duplicating is too costly, the master 
is written out either by hand or typewritten. This leaves a 
deposit of hectograph ink on each letter written. The master 
is then duplicated on the required forms through the use of 
the flat bed gelatine duplicator. 
The flow of paper should be standardized as to method 
of producing and distribution. It should flow from central 
control to the office and shop and back on a prearranged 
plan of distribution. Paper work, paper handling and paper 
forms must be cut to and maintained at a minimum. 
Central print file. 
A central print file should be set up and maintained 
in each central control office. Production, planning and · 
control has made tbds possible. 
In the past when each 1'oreman maintained a print file 
three outstanding ~aults existed: 
1. Changes were found necessary and prints were marked, 
but no notification was made to the drafting department so 
that tracings could be changed. 
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2. Old prints were not superseded when changes were 
made. 
3. As only one print was maintained, considerable 
lost time was experienced by the ope r ators, trying to get 
prints to perform work. 
With the maintaining of a central print file in close 
relation with the production, planning and control system, each 
order for a part or an assembly has all the necessary prints 
attached before being released to the factory. This means that 
the operators are given the print at the same time they are 
given work to perform. 
The central print file, also, due to its close relation-
ship to the central production, planning and control office 
should always be up to date. 
It is recommended that enough prints be carried in file 
to service all jobs, and not try to maintain only one copy. 
This will prove good economy as it will eliminate all waiting 
for prints, which tend to increase labor costs and manufacturing 
time. 
The central print file should be a part of the central 
production, planning and control office and located as near 
as possible to the dead load file. 
Alterations 
Alterations are responsible for much trouble and con-
fusion. A special system must be set up which will make sure 
-55-
that all interested parties are notified of the alterations 
so that they will be car ried out promptly and efficiently. 
Under any system of preplanning and preparation of 
paper (some times days and weeks ahead) it is obvious that 
any changes no matter what their nature must be taken care 
of in a systematic way. perhaps no changes are more important 
than those originated by the engineering and drafting depart-
ments. Hence, whenever any change is desired by the engineers 
or draftsmen an engineering alteration notice is made and 
sent direetly to the planning office as well as copies to 
any other departments interested. The old method of engineers 
and draftsmen going out into the shop and marking prints or 
even worse, giving ver~al instructions to the operator or 
foreman, is a vicious practice, and cannot be tolerated under 
production planning and control. 
An alteration notice should be used to cover the following 
conditions: 
1. For change in completed drawings 
This alteration notice originating with the mechanical 
design section is issued primarily for record purposes. These 
change notices are checked by the blue print cages and order 
revision form is made out. All prints effected are drawn from 
the file and destroyed. Those charged out are sought out and 
after being exchanged for a new blueprint covering the drawing 
change these old copies are destroyed. A copy of this alter-
----~----
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ation notice will give the planner advance information to 
enable him to change his material, labor and other planning 
records. 
2. For changes affecting original engineering instruc-
tions or drawings of apparatus in production. 
This alteration notice will originate with the engineer 
and will inform the factory and the mechanical design section 
of a change in the original design of the apparatus now ·in pro-
duction. This alteration notice will hold up productio~ on 
the original instructions or give advance information to the 
factory to enable them to proceed on the new or changed design, 
using this alteration notice as authority, the mechanical 
design section will change the drawings affected and issue 
an alteration notice. The routine as under number one will 
then take place. 
3. Substitution of material 
All substitution of material will be authorized by an 
alteration notice. 
4. Manufacturing loss reports. 
a. The cost department will accumulate charges 
against each alteration notice and issue a manufacturing loss 
report for the losses incurred by changing apparatus in pro-
duction. 
b. Inspection d epartment will use the alteration 
notice as authority to report and tag superseded material in 
accordance with disposition of material instructions given on 
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The routine of issuing and handling this notice, although 
differing in minor details, is essentially the same as that 
described in the previous paragraph. For example under item 
2 (changes affecting original engineering instructions or 
drawings of apparatus in production) the following procedure 
is carried out. 
A temporary alteration notice is made out by the engineer. 
This notice will not hold up p~oduction on the work in process 
even though the change suggested will be a najor one. A 
copy of the notice is sent direct to the production foremen 
handling the apparatus effected. He goes into the shop, finds 
the material in process that is to be changed and discusses 
these changes and their effect with the foremen handling the 
job. He then marks on the alteration notice how. far along in 
process the material is and the effect the c~ange will have on 
the parts. After having signed his name . under this written 
information he gives the alteration notice to the planning 
foremen who has a planner figure out, (1) the operations 
necessary to make the suggested changes and, (2) the estimated 
cost. The planner writes this information on the ~lteration 
notice, signs it, and sends it back to the issuing engineer. 
The whole cycle of procedure from the time the production 
, ... 
foreman recei vas the alte:c•ation notice until it is back in the 
issuing engineer's hands must not exceed eight working hours. 
To insure this the alteration notice form is time stamped by 
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each department as it receives it. 
The engineer, upon return of the temporary alteration 
notice to him, checks the effect and the cost of his 
suggested changes against the benefits to be obtained from 
. the change and then makes his decision. If the cost or effect 
is too great he simply destroys the alteration notice and the 
suggested change is forgotten by all concerned. If he decides 
on carrying out the change he makes out a new alteration 
notice, marks it permanent form and sends a copy to the 
mechanical design section. Using this notice as authority, 
the mechanical design section will change the drawings effected 
and issues an alteration notice to the production foreman 
holding up production on the material effected until new 
drawings showing the changes to be made are received. 
The foreman or an assistant on receipt of this change 
notice, notifies the central control division to hold up all 
work on that particular order, and then files the alteration 
notice in a permanent file held near hi-s desk. The central 
control clerk writes out a hold up notification ·in duplicate 
on a order revision form. The copy is filed in the production 
progress file and the original is sent through the dispatch 
st.ations. All papers are returned by the dispatch operators 
to the central control office thus automatically stopping all 
work on this order. These papers are then filed in the held-
up section of the dead load file with the original order 
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revision form attached. Before doing this however, each 
order is marked by the dispatcher as to the exact location 
of the material and likewise the master index is so marked. 
On receipt of the new drawings, an advance copy of 
which is sent direct to the production foreman, the central 
control section is notified to release the held up order 
papers. The blue print cage clerk removes all blue prints 
effected from the file and destroys them. Those charged out, 
are sought out and after being exchanged for a new blue print 
the old copies are destroyed. 
The papers or tags are withdrawn from the held up file. 
The attached original order revision form is removed and 
destroyed. The balance of the papers, with a copy of the new 
blue print covering the drawing change attached, are returned 
to the dispatch stations. production now proceeds on the 
formerly held up order. 
Finally, the production foreman signa the alteration 
notice in his permanent file with notations to the effect that 
all changes in the production of the order are now -being 
taken care of. Later on in case of any question concerning 
changes actually carried out he has the actual record with 
the date they were carried out. 
At the General Electric Company's production control is 
controlled from a central point-the main office. Each building 
in the factory operates as a unit and has its own production 
control system. - The personnel varies .but usually consists of 
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the production control supervisor and girl clerks. The 
control procedure details vary widely. The routines des-
cribed below and the forms attached are used at the River 
works plant located at Lynn, Massachusetts. 
The order, with an assigned wanted date, to produce a 
labor voucher or labor book is received from the production 
department. A hectograph master is typed up and placed in 
a protective jacket. The form below is an actual sample. 
·- -------- ----- ~- -----.......... __ 
20 660001 
------- ---------- ----- -- --- ------- -- -- -- -------- ---- ---
----- · 
16"' 1.9-63 136 1~ 1~ 4k 
'ftlreA ... *SAMPIP 
1681 !.,1 c .us ~ Drill 8Dd tap 
1681! 1.,, c .1!1 rr,e :~arr an4 stamp I 
1~ !'7:59 II18peet. 
I 
-
• f 
.. 
-
·---- A ---- -..--.-·------ ---:--·-• •• •·--- -------- --- -·--- - --- -· ---- ----·- + 0 • 
The master form contains the following information: 
Top line.-The initial E signifies the production fore-
man ordering the work to be done. The three dates show when; 
(1) the material is wa~ed from the contributing department; 
(2) the labor tag is wanted and manufacturing operations should 
start, and (3) the material is wanted in its finished form. 
The word "stock" signifies the requisition number, the 11 20" 
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indicates the number of pieces in the order, and the figures 
660001 is the production order number. 
Second line.-The numbers 1343119-63 is the drawing and 
part number, the 138-105-l38-4K is the routing, by department 
numbers, the material is to follow. 
Third line.-Thr. casing is the name of the part to be 
manufactured. 
Fourth line.-1681 is the operation number, 2.310 price 
per one hundred pieces to be paid, .18 is the price paid for 
set-up, 2622 is a comb i nation number in which the 26 shows the 
dispatch cage handling the labor tag and the 22 tells the 
particular machine in a group of machines (in this case drills) 
to be used for the operation of drill and tap. 
Fifth line.-Same information as line four. 
Sixth line.-1683 indicates operation number, 2739 is a 
combination number in which 27 indicates the dispatch cage 
operation is to be performed in and 39 means a certain in-
spection area. 
The master is then duplicat ed on the fluid duplicator. 
The top part or variable on which the dates, production order 
number, et cetera are typed is torn off and thrown away. The 
master is replaced in its jacket and filed away for future 
orders in a steel cabinet drawer by drawing and part number. 
In case of a second order to the same drawing and part number 
a new top or variable with the new dates, production order 
number, et cetera is written out by hand so that it has a 
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backing of hectograph ink. The variable and the original 
master are then placed side by side on the duplicator and 
a full set of the needed papers are duplicated from them. 
The original master only is then replaced in its jacket and 
filed for future use. The top or variable is destroyed after 
each duplication takes place. 
The forms that follow, with explanation of their use, are 
all duplicated from the original master. No changes in these 
papers are permitted, outside of the splitting of the piece 
work tags in the dispatch cages, unless it is carried out by 
the central control index file clerk. This prev~nts confusion 
in the cost department. 
The forms and procedure to follow a·re those used to 
cover the piece work operations necessary to change raw 
material into a finished product and to control the movements 
of the material while going though this process. In case of 
assemblies and sub-assemblies the procedure and forms are al-
most identically the same. These variations will not be given. 
After the papers have been duplicated the following pro-
cedure takes place. 
1. The four forms shown below are stapled together and 
sent to the raw material section where the clerk files them 
by drawing and part number. 
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.. ' .. 2 · · -8 4-29 stoek 
~~ 
1 3ll9-63 
,.,Casing 
J.6Bi 2 .. 31 a ol8 
.. ·:p~ 1 53 0 .,2.1 
. 1.1:" ~ 
138 105 138 !§.~ 
Form 1 
· . 4 .. 2~40 · 4-8 4-29 stock 
*SAMPLE* 
1:543119-~ 
Thr .. Casing 
1681 2 .31 a . 18 
' 1682 ln53 0 o21 
·.1683 
138 105 138 4k 
2622 Drill 
2738 
2739 Inapec". 
Form 2 
66 01 
20 660001 
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. ~ 4 .. 2 a lJ 4-8 4~29 gi;oek 
...,....~~. ...... :mtr 
... 543119 63 
Tbr c 1ng 
1681 2 .. 31 c 18 
'" 6S2 l 53 c .. 21 
1683 
Form 3 
20 660001 
Two different colored material tags are used. 
1. Green signifies supply and repair orders. 
2. Yellow · signifies regular production orders. 
This identification tag, attached to the material issued 
stays with the material throughout the production process, 
thus clearly identifying them with the production order on 
which they are being used • 
.. : 4 ... 2 •· 4-8 1. ··29 g>.;ock 
ilf3!tMF: ·- . 
138 105 138 h?r 
SAM.PIJ!: 
2622 Drill d tap 
2738 :3a-:r and st rnp Q139 bgpect~ 
Form 4 
660001 
I 
. --. 
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:~ ~~ .. 2-4o 4-8 4-29 S · .ock 
~
.18 
.. 21 
138 105 138 4k 
2622 ~11 .. l
2738 1.' '! l· i\ 
2739 IN'fl,"'*'l· . ~ 
~~ 
Form 5 
~o <sl o6oob1 
2. The move card shown above 'is sent to the tool 
crib located in the area where the work is to be done. The 
clerk stamps it "Tools 0 K" with his initials and the date 1.f 
the tools are complete and on hand and sends it to the raw 
material clerk who attaches it to forms 1 and 4 and refiles 
the forms by drawing and part number. If the tools are in-
complete the tool crib clerk marks this information on the 
move card, notifies the planning department and files the 
move card until the tools are received complete. The pro-
oedure described above is then carried out. No labor book 
can be sent to the shop until the move card is received in 
the central control office from the raw material clerk. 
3. The production progress for.m given below is filed 
in the production progress file under the heading of the 
production order number (in this case 660001) by drawing 
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and part number (1343119-63) 
. 660ool 
·2007 (4·38) 
Form 6 
4. The green index form shown below is filed in the master 
index file by drawing and part number. It is used as a route 
sheet for the individual order 
.. ~ • -2...40 4-8 4-29 / stoek 
*SAMPIP 
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5. The following forms, called a labor book, are 
c~pped together and filed in the dead load file by material 
dates (in this ease 4•2) and thereunder by drawing and 
part number 
)60001 
Form 8 
•• 1J 
Form 9 
1-
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168, 
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One o£ the above form and one of the for.m below are 
duplicated for each operation 
.:'!;. . CE:~-, 
-C81 ~L;l G ,.tS 
- ._(;8;.;: ..1.. 53 c ,.2.1 
""63) 
"' 
...:6t:t·. JJr .... ).i an 
~T3" B '.l' -~d 
2'7:~9 Ico:p · e·t, 
Form 12 
·. 
[I 1 1 2 1 3 I 4 \ 5 l 6 l 7 I 8 I 9 !1o ln \12 !13 !14 !15 \16!11 \ 181 
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All production control paper for.ms shown on this page 
and on previous pages are numbered form 1, form 2, . et cetera. 
In the following paragraphs, for the sake of clarity, the forms 
mentioned as moving from one place to another will be referred 
to by form number rather than by actual name. 
When the raw material is received in the raw material 
section the clerk removes forms 1 to 5 from his file. He 
attaches form 3 to the material and has 'the material and 
attached tag delivered to the first dispatch station (2622). 
He files form 2 by drawing and part number as his record. 
Forms 1, 4 and 5 are sent to the central control office where 
the following procedure takes place. 
1. The labor book (forms 8 to 12 inclusive) is with-
drawn from the dead load file. Form 4 and 5 are attached 
(fOrm 1 is destroyed) and the now complete labor book is taken 
into the blue print cage. Thera form 9 is detached from the 
labor book, the date received is stamped on it, and it is 
filed as a blue print charge out by drawing and part number. 
A blue print is attached to the labor book and the book is 
returned to the central control section. 
2. The labor book ·is given to the production clerk who 
places dates on form 5 against each operation as to when they 
should _be completed and a final over all finish date. 
3. The labor book is returned to the central control sec-
tion. The master index file clerk withdraws the corresponding 
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index card, circles the first dispatch station (see f'orm 7), 
writes in dates against the individual operations, refiles 
the index, divides the labor book into operati<?ns being per-
formed at a particular dispatch station, places dates against 
each operation on forms 2,4,8 and lO; . removes f'orm 4, leaves 
blue print and form 5 on forms going to first -dispatch 
station and finally places the labor book divisions, to be 
sent to the various dispatch stations, in the correct mali 
bags for distribution to the shop. 
4. F orm 4 which was removed from the labor book and 
starting and completion dates checked on it by the master 
index file clerk is taken to the ptr ticular production file 
in which this production number 18 , filed. Form 6 is re_moved 
f'rom the f'ile and destroyed. Form 4 is then f'iled in its 
place. 
5. After the labor book is received in the shop the 
central control section is notif'ied of' the operations per-
formed and the movement of the material by form 10 being sent 
to it, by the dispatch stat ion, marked completed with the 
station number and date. ~his information is transferred to 
the master index by circling the next work station listed on 
the index. 
· 6. When the work ia compltttely performed and the finished 
pieces have passed inspection the final dispatch station 
handling the labor book send form 8 with the completion date 
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marked on it to the central control section. Upon receipt 
o£ this form the master index £ile clerk removes the index 
form for this particular order number and destroys it. Form 
8 is then sent to the production progress file in which this 
production number is filed. Form 4 is removed froni the file 
and destroyed. Form 8 is then filed in its place. 
With the filing o£ for.m 8 in the production progress £ile 
the main steps covering the flow of production co~ rol paper 
at the General Electric Company from the typing of the hecto-
graph master through the completion of the material in the 
shop has been completed. 
Planning or planning analysis 
This division of production control plans out what work 
shall be done, how the work shall be done, where the work 
shall be done and when the work should be done. 
The function of the planning department is to aid pro-
duction by allotting the work, routing and laying it out, 
designating the tools to use, speeds, feeds, cuts, et cetera, 
to take on the machine, drawing and inspection cards numbers, 
and any other data that will £aeilitate production. 
The operation of an effective planning department entails 
an effective check on production needs prior to the ·actual times 
that these shall arise. 
"It is evident that the functions of the planning department 
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of a quantity-production plant will differ con-
siderably from those of a planning department in 
diversified manufacture. In quantity production 
its functions are mainly to work up the schedules 
to tell ·the various department foremen how many 
units they will be required to make in a specified 
time, and to maintain records to insure that the 
schedules are being followed. As in the ease of 
any planning department, time study and material 
control may not come under its direction. It is 
not necessary, owing to direct line layout, to 
control work -between machines to any considerable 
degree. It is obvious that, because of the 
similarity of the work put through the plant for a 
long period of time, the planning department is 
only breaking down into units the major business 
budget. 
_ Only a few types of manufacture can be put on 
a quantity basis, such as that just described. It 
is evident that such a basis is profitable, not 
only because of lowered direct production cost, but 
because the costs of production control are much 
less than in diversified manufaeture."(l) 
From the statements made in the previous paragraphs it 
is evident that the chief problems in production control come 
from the di vers.ified manufacturing plants. Since more plants 
are of the diversified manufacturing type rather the quantity 
manufacturing type the production planning considered, although 
it can be used for either type, will be considered mainly from 
the angle of the diversified type of manufacturing plant. 
Production planning can roughly be divided into two 
divisions; (1) preliminary planning or general planning and 
( 2) planning of the work operation b:r operation or application 
planning. 
11) Le.nsburgh, R., Industrial Management 
(New York, 1928), P• 489 
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General planning 
General planning is that portion of planning which can 
be done independent and before an actual order is issued. It 
is data setup by the department as a whole, which the application 
planne::s use in planning actual orders for parts and assemblies. 
1. Factory layout and work station data. 
I.f a dispatch station system of production control 
is used, the major problem in making the factory layout is 
the assigning of the work station numbers. Certain principles 
should be followed. 
(1) Numbers should be lined up as near possible to 
the line up of machines, so that they may be easily located 
for transportation purposes. 
(2) Grouping of machines and work stations under 
one number should never be done unless exactly similar work 
can be performed at these stations. 
(3) Blank numbers should be le.ft for positioning 
on new equipment. 
Enough work station data should be accumulated to assist 
routine planners in assigning numbers to operations. This 
ma~ be added to at all times. 
The layout when complete should be held by the planning 
section and kept up-to-date at all times. 
Apparatus process charts should be made on the various 
lines of work to facilitate and tie together design-planning 
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accumulating, et cetera:. 
It is essential that the drafting department picture 
out the assembli e s and prepare material lists in the manner 
in which the factory performs the work. Without this no 
proper planning of as semblies can be done, ordering of parts, 
accumulating and costing is hampered. 
Planning out how the article is to be made involves in 
the first place and analysis of the product, showing the various 
operations to be performed in its making. If it is an assembled · 
article there will be two stages in this analysis, first the 
listing of the various unit parts and their combinations, 
into sub-assemblies and ~inal assemblies, second the listing 
in order of each operation on a unit part or assembled group. 
The analysis will indicate the order in which the various 
operations are to be performed. 
"The planning of the work, operation by opera-
tiont through the va~ious processes, insures a 
correct assignment or the work. Checks should be 
frequently made of the results to see that the plans 
are being carried out. This leaves the operation 
division free to devote its entire time to the work 
of making the product in the proper quality and 
quantity at the lowest cost consistent with efficient 
operation. 
After the product has been analyzed and a certain 
sequence of operations decided on the time required 
to perform the operation or .operations is figured 
out. These operation times are obtained through 
time and operation studies either by actual study 
of the man at work or by comparison with similar 
work which has been previously operation and time 
studied. 
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The operation sequences and their standard 
times and standard ·prices to be paid for doing 
the work are made into a record called the route 
·sheet. In case of an assembly a parts list giving 
a list of parts which go to make up a finished 
product is included. "The route sheet shows the 
sections or shops of the operating division in 
which the part is made. Among other things on the 
sheet the following are listed in sequence: 
1~ All operations 
2. Standard time required to complete each 
operation. 
3. · Machines or work place where each operation 
is done. 
4. "Piece work price per operation is often 
included." (1) 
For the sake of economy of time and space as well as to 
avoid any unnecessary publicity mnemonic symbols are generally 
used to designate the names of the operations and the names 
of the machines involved. 
2. Routing 
"In order to control production fully we must 
not only provide drawings, specifications and patterns 
and provide for material being handled, in proper 
quantities and at the right time, but we must know 
the routing of each item including where each oper-
ation is to be performed." (2) 
"we designate by the term "routing" the 
determining of the most advantageous path of travel, 
department to department, machine to machi.ne, and 
operation to operation, in converting raw materials, 
into finished product." (3) 
In the unorganized shop this flow of work is usually 
haphazard and on the spur of the moment, the result being 
[1) Cornell, w. B., and McDonald, J. H., Business Organization and 
p.ractioe 
(New York, 1936), p. 409 
(2) Diemer, H., Factory Organization and Administration 
(New York, 1935), p. l61 
(3) Ibid., P• 161 
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that parts are often misplaced or side tracked. Under these 
conditions, machines and men and other work are stopped and 
transferred to rush orders for the replacement of missing 
parts. The natural result is unnecessarily high production 
costs. 
The material list or route clerk makes out cards show-
ing the routing of each piece on the order as well as sub-
assemblies and parts. These cards serve as a permanent record. 
"It is customary to prepare a process chart for 
each order involving a variety of components. This 
chart is laid out so as to show what groups must be 
completed before general assembly takes place. The 
chart is laid out also so as to show what pieces 
must be completed before any single assembly group 
can be put together." (1) 
"The route sheet of each individual part is 
next provided. Preparation of route sheets affords 
opportunity for the arrangement of operations in 
logical order. It · is obvious that the subsequent 
scheduling will be dependent on the routes laid 
down in the route sheet. It is desirable in pre-
paring route sheets to designate not only the 
standard or most appropriate machine or product i on 
center for performing an operation, but to list also 
any possible -alternates or substitutes as second or 
third choice. The reason for this is that when the 
balance-of-work-ahead record at any given machine 
shows a congestion at that machine the remedy is to 
use the alternate of second choice. As a final 
recourse in emergency , the route sheet may list the 
name of some concern to whom the operation may be 
.farmed out. This is o.ften done in such ope rat ions 
as cutting of gears or in screw machine parts." (2) 
Individual piece route sheets can be put on card indexes 
for general reference. The form on the next page is used by 
Tl) Diemer, H., Factory organization and Administration 
(New York' 1935), p. 163 
(2) Ibid., P• 163 
iTATIO N O PER. 
NO. NO. 
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the pl anning department at the General Elect ric Company 's 
rive r Works plant combines routing operations to be performed 
and pri ces per operation with their set-up price on one c a rd. 
This card is filed by drawing and part number in a steel 
cabinet where it can be examined or borrowed by t hose autho-
rized to do so. It is a permanent form and its information 
can only be changed, in case of drawing change, change of 
operat ion sequence or prices, by the authorized planner . 
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Starting with the parts lists and r oute sheets, and 
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knowing from the order (sales or manufacture order) the 
delivery date required, the planning division can schedule 
and dispatch the work through the shops, assigning each oper-
ation to definite machines and workers. 
The planning division also issues the necessary orders 
so that the proper materials in the proper quantities are at 
the assigned machines and work places on schedule time. This 
insures that the workers will not be delayed when the order 
is given to commence work on a particular job. It is also 
the duty of the planning division to keep record of the time 
it actually takes to perform the various operations, and to 
make compa.risons with the standard time set as shown on the 
route sheet. If material differences persistently occur, the 
proper pe rsons can then be notified so as to remove the 
difficulty and endeavor to bring the lagging work up to 
schedule. 
The planning division, so far as possible, provides a 
steady flow of work along the line so as to secure uninter-
rupted operation on the part of machines, processes and workers, 
and thus completes smoothing the way for production. 
"The results of efficient planning are: 
1. Reduces time required for production~ 
2. Reduces amount of capital tied up in "work 
in process." 
3. Through more economical use of machinery, 
equipment and floor space and labor increases production 
at less cost with the same facilities and in the same 
length of time. 
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4. Better service to customers-dependable 
deliveries and time."(l) 
Master planning sheets should be made to cover each line 
of parts. These sheets will assist the routine planner greatly 
in planning a particular part, inasmuch as they cover all the 
operations necessary to manufacture a part or assembly in their 
proper sequence and reference to the location at which work 
is performed as well as piece price data. This method also 
helps in keeping the operations standardized and furthers and 
simplifies the use of symbols. 
It is in the setting up of these master planning aheets 
that the foreman contributes so much. By means of these sheets 
he specifies where he wished the various parts, and the various 
operations on the parts, performed. The planner and the fore-
man should work together in setting up these sheets. 
3. Symbols 
A code of symbols covering materials, tools and operations 
which are commonly used and often repeated is a recognized 
necessity to save time and space in setting up modern pro-
duction planning and control data. A definite standard list 
of machine tools and work station symbols should be worked out 
and adopted. Symbols particularly adaptable for use in 
abbreviating data shown on the material list, order and planning 
(1) Cornell, w. B., and McDonald, J. H., Business Organization 
ana Practice. . 
(NewYork,· 1936), p. 43 
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records and individual orders should be used- Examples o£ 
machine tool and work station symbols used by the General 
Electric Company are: 
the 
a. Small tool symbols 
Tool Symbol 
A 
Adaptor Adpt. 
B 
Band Saw Bd • Sw. 
b. Operation symbols 
Operation symbol 
A 
Account Acct. 
c. Other codes used and alphabetically listed as in 
above examples are: 
( 1) Part symbols 
( 2) Material symbols 
(3) Extra or waste labor codes 
( 4) Labor 'class codes 
( 5) Departmental codes 
4. Piece price data 
All piece price data should be made up by i nd1v1dual.s 
trained in time and motion studies and backed by a good mech-
anical training. This data should be made in .such form that 
it can readily be interpreted by the routine planners who use 
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it when planning individual production jobs. 
A large enough organization should be available to make 
studies of new apparatus~new methods and also to establish prices 
for special operations and standard operations on which the 
routine planner lacks sufficient data. 
Data should be set up in such a way _that the price may 
be arrived at without too much figuring, since, one of the 
things which defeats the acceptance of planning is the cost 
of planning. 
5 .Material Data 
In order for a planner to do proper routing he must have 
avai+able lists _of material by specification, size and where 
it may be procured. This, of course, refers to materials which 
are not carried on maximum and minimum stock in the department. 
It is of utmost importance that these lists ·be available so that 
a planner may make quick and accurate reference while planning 
component parts. 
6. Tool lists 
The planner should be furnished with lists of all avail• 
able tools. Catalogued in such a manner that they may be 
easily located when a new job is being planned. 
7. Quantity planning 
Very little general information can be s·et up for the 
planner to assist him in quantity planning. Economi cal 
quantity formulas should be available, but these should be 
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used more as a guide than as an absolute fact. Capacity of 
machine tools and departments in reference to their possible 
output of a die before sharpening is needed. Any reliable 
forecasts of business or any useful information as to future 
design will help. 
Application planning 
Application planning is to for.m, draft or diagram a 
method of procedure for producing an individual part, sub-
assembly or major assembly, using as a basis data accumulated 
in major planning. 
Auxiliary to the planning department are the time-and-
motion study men, upon whose investigations, analys s, and 
experiments are based the standards which govern all the 
shop activities, whether these are ordered by the planning 
room or actually applied under the eye of the foreman in 
immediate charge of the operation. 
The function of the order-of-work clerk is to plan the 
route which each piece or lot of material shall. take through 
the shop. But his task is not simply to indicate the sequence . 
of the· movements. He determines what processes the material 
shall pass through and in what order, and maps his conclusions 
on route sheets which illustrate this order graphically and 
chronologically. With these charts before him, the instruction 
card man works out the details of each operation, even to the 
particular machine and tool to use, the ppeed to be observed, 
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and the order in which the cuts are to be made. All this 
from standards already set by preliminary time-and-motion 
studies and kept at hand for instant reference in the case of 
new or unfamiliar work. 
Work station.-The assigning of work stations should be 
done with the following things in mind and in the listed 
sequence. 
1. Lowest cost 
2. Centralization of work in a department 
3. Transportation between operations 
4. Labor loads 
The manufacturing cycle should be entered on the planning 
card. It should always be the normal time necessary to pro-
duce the work. In many cases it will be necessary to dis-
regard the cycle, due to rush production, but for the average 
job when manufacturing time is listed the person doing the 
ordering can arrive at a reasonable manufacturing schedule. 
Nothing is more essential to the proper functio~ing and 
efficiency of the entire department, than good planning , Various 
formulas are used to obtain the cycle varying with each business. 
The forms carrying permanent records of pla.nning listed 
below are the basic ones used by many plants. 
1~ Operation cards. These are used, filed and maintained 
by the planners. The purposes for which these files are used 
are: 
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a. For ready reference when information is 
desired and changes are made. 
b. For comparison purposes when planning similar 
parts. 
c. For locating drawing numbers effected when new 
methods effect planning on complete line of parts. 
2. Planning records. These forms are used by the 
ordering group as a : 
a. Card on which planning is set up 
b. Record of planning changes 
c. Card to carry ordering information 
3. Duplig~aph plate. Original hectograph master and 
filing jacket. The purpose of these files are: 
a. The preparing of the individual order paper. 
b. Record of plate or master when they are out 
of file being used. 
4. Cost cards. The_se cards are filed and maintained by 
the cost department and are used for estimating, costing and 
billing purposes. 
These files should eliminate or combined where practical 
to avoid excessive work or errors in case of changes or 
incorrect data. 
All revisions of cost including extra costs should clear 
through the planning department. 
Tools.-Tool orders must be authorized before they can be 
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used to make up the new tool or repair the old tool. A 
frequently used routine is to have the tool planner make out 
a tool order stating what is wanted. This order is sent to 
the engineering department, handling that particular type of 
apparatus, where an engineer authorizes the order by signing 
it. The tool number or identification is entered on the 
planning card by the tool planner who will then distribute the 
tool order to the tool room planner. 
In planning the tool job the tool planner should make 
fullest possible use of existing tool equipment in his own 
or other divisions even to the extent of routing certain parts 
on other departments to use the tools there available. Where 
practical the tools may be borrowed for the purpose required. 
Repair work.-The planning of repair jobs is especially 
difficult. Unless competent advance attention is given, the 
need of much of the work will not be apparent until the pro-
gress of repairs makes it immediately necessary. Wasteful and 
vexations delays then occur, or are avoided only by efficiennt 
rush work. A customer's repairs often mean an emergency in 
his own plant, and time for adequate disassembly and advance 
consideration cannot be taken before beginning repairs. Too 
little consideration is given in many cases to the fact that 
a customers good will is largely determined by the service he 
receives on his repair orders. Where repairs are large and 
work is frequently received the so called liaison planners, 
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who spend much of their time in the shop in direct study of 
repair jobs at all stages should be used. They maintain a 
close cooperation between the shop and the planning office. 
Decisions on repairs to be done must be made by the engineers 
who are specialists in repair work. The liaison planners 
· decide on the operations necessary to do the repairing after 
the decision has been made as to what must be done. Thus a 
planning system within a planning system must be set up. An 
office representative with a desk in the shop, as well as a 
foreman in charge of all repairs should have a full time job 
on this type of work. When the general shop is used there 
should be at least two full time workmen on the job. If 
necessary a special section of the shop should be set aside 
for repair work with all the necessary machinery and men. 
The work of the office representative and the foreman 
is to receive, schedule, repair and ship back the apparatus 
to the customer. 
A system of control which blends in with the ma i n pro-
duction control system must be set up and maintained. 
A fundamental condition of efficient planning is definite 
authoritative information to the shop executives as to the 
priority of work. In actual fact th~s is often lacking, and 
at the same time the shop executives are subjected to con-
flicting and insistent demands for delivery from many sources. 
This leads to starting and stopping jobs in obedience to the 
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last or most insistent or most authoritative demand, to the 
tearing down of setups only partly used , and to general 
inefficiency. One hundred per cent establishment of deflnite 
priority of all w.ork cannot be attained. It is desirable to 
try all possible toward attaining this objective by immediately 
publishing the priority of the main jobs of the plant. 
Scheduling.-Scheduling may be defined as: 
"The fitting in of specific jobs into a general 
time table, so that the orders may be manufactured 
ih accordance with the contracted liability, or, 
in mass production, so that each component may 
arrive at assemblies in due order and on time.n (1) 
Scheduling starts in advance of each new system and 
concerns itself (1) with the lump requirements of the sales 
department, known or estimated; (2) with the new business 
as it comes .in. 
The making of schedules i ·S simply a process of distri-
buting the work to be done over the time allowed for it. 
After the general schedules are settled the production depart-
ment works out the department schedules to fit these require-
menta. Each operation of manufacture is subject to schedule. 
In scheduling a margin is allowed for unavoidable delays due 
to uneven flow of work, defective material, et cetera. 
nAs soon as the scheduling department receives 
the completed plans of material and plan of 
operation for any given order, the next step is to 
(1) Alfords, L. P., Cost and Production Handbook 
(NewYork, 1934), p. 257 
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see how this order lines up with the existing pro-
grams and schedules. The first checkup is to 
investigate with regard to each component the amount 
of that component called for by the years and 
quarters program, the amount as shown by the balance-
of-stores records as being on hand in finished stores, 
and the amount in order in the shop. This data 
is ordinarily kept as part of the balance-of-stores 
records. These store records if they are not kept 
under jurisdiction of the planning division of 
which the scheduling work is usually a department, 
are best maintained in a location easy of aecess 
to the scheduling department employees .. " (1) 
The number of pieces in stock and in process together 
with previous established schedules for the given component 
are used by the scheduling department as an aid in determining 
the time at which the new order, if any is to be started. 
Although scheduling is undoubtedly one of the most 1m-
portant single functions, perhaps less has been done to make 
it correct than any of the other functions of planning. 
There are several methods of scheduling but the two 
methods which ~ollow seem the best adapted to manufacturing 
plants using production control: 
1. Chart method 
2. Manufacturing time method 
The manufacturing time method will have to be built 
up over a period of time. By manufacturing time is meant 
the actual machining time plus waiting time, delays at the 
machine, movements of material, all of which go to make up 
( 1) Diemer, H., Factory Organization and Administration 
(New York, 1935), p. 169 
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the so called dispatch log. 
The preparation of the schedule charts is of the greatest 
importance. It is essential that once the chart is prepared 
everyone will agree to live up to it. 
A schedule committee should be made up of the fo llowing 
departments: Engineering, drafting, planning, shop, cost, 
testing, purchasing, production and transportation. The 
committee is usually headed by one man who supervises the pre-
paration of the ·charts and the constant refi~ing of them as 
well as calling meetings of the committee when necessary. 
Chart method.- This chart is made up as soon as the 
engineer has issued engineering instructions and the drafting 
department has made a development sheet. It is the combined 
analysis of a representative from all functional and manu-
facturing groups. This representative agrees to the dates 
and carries the responsibility to see that the chart is properly 
made out to allow his group to meet the same. 
This chart is made as the authority on dates as follows: 
a. Dates drawings and engineering instructions ar e 
required. 
b. Date raw material is required. 
a. Ordering and planning 
d. Date component parts are to be finished to meet 
main assemblies. 
e. Main assembly-testing and shipping dates. 
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Every apparatus is chartered upon its own merits taking 
in consideration all phases such as customer, shipping 
promises, tests required, load on factory, et cetera. 
These schedule charts must be prepared for each requisi-
tion where the manufacture is e xtPemely special. For the 
standard or semi-standard lines the charts can be prepared 
ahead of time for each line, marked off in units of time. 
As many as forty charts or more may be in use in a plant for 
the complete line of apparatus. 
The important thing to remember about these charts is 
that the engineers and draftsmen are definitely scheduled 
and that time is allowed for planning as well as for work in 
the shop. perhaps the great~st evil in the past has been 
that of the engineers and draftsmen taking too great a per-
centage of the total lime and the shop trying to make up the 
lost time. 
A copy of the chart is forwarded to interested foremen, 
production men, contributing department, planning department, 
test department, (to arrange for necessary equipment and floor 
space) and the production representative in the drafting depart-
ment who sees that all drawing promises are met or that the 
production man is advised of same. 
2. Manufacturing time method 
Much of the success of production planning and control 
rests on the establishment of predetermined standards used for 
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calculating manufacturing time in order to make it possible 
to predict the processing cycle within fairly close tolerances 
and to permit a workable schedule. 
We might say that the aim of production planning is a 
' decreased manufacturing cycle with resultant benefits such as 
decreased inventories, finished and in process, quicker de-
liveries to the customer, decreased costs, better service and 
more returns for the investment. 
In order to accomplishthis objective, the correlation 
of enough information for setting of operation processing 
standards should be the primary step. The ones most capable 
of establishing these standards are the planners whose know-
. ledge of manufacturing methods, machine capacities, standard 
times, process and flow chart's and other information fit them 
for this task. 
A careful survey should be made of conditions, machinery, 
and equipment, speeds and feeds, inspection requirements, labor 
conditions, set-up allowances, flow of material and any other 
contingencies that might alter the rate of production. Tables 
are set up showing the various percentages of efficiency for · 
processing operations. The accuracy of these percentages is 
checked by production studies. 
After the various percent of capacities have been arrived 
at, the next step is to prepare in the simplest form the 
manufacturing time for an order quantity based on the average 
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size of order flowing through various departments. This must 
be secured by an analysis of the production departments past 
and present records with the thoughtin mi nd to arrive at an 
economical run. 
This information is accumulated prior to the actual 
planning of production orders. The reason for this is that 
manufacturing time should be applied to each part, subassembly, 
and assembly order at the time it is originally planned so that 
when it is scheduled there is a predetermined knowledge of 
processing time. Thus time becomes the real unit of produc-
tion for a more flexible control and eliminates the hit and 
miss system of lett:f.ng individuals use their own judgment 
as the manufacturing cycle on parts that they are not familiar 
with. 
Inasmuch as all the information is presented in a con-
cise standard form, the actual routine scheduling functions 
can be taken care of by clerical help rather than by expensive 
specialists. 
The establishment of manufacturing times is somewhat like 
a capital investment and although the job will cost a certain 
amount of money, depending on the number of surveys and studies, 
it has been demonstrated that if the work of process analysis 
and standardization is thoroughly done, the benefits gained 
will more than offset the original outlay and will undoubtedly 
I -
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reveal unsuspected wastes and inefficiencies and thereby off-
setting the original costs. 
After the previously mentioned pre-schedule conditions 
have been checked, due dates are assigned for raw material, 
commencement and completion of each operation on each unit 
of product, and for final assembly and completion of the order. 
When assigned these dates from the time basis for route sheets 
and the production schedule. 
It is the tendency of the scheduler, according to his 
ingenuity, in the determination of dates for the starting 
and completion of work to make up various schedule sheets. 
This should be overcome through the use of one or more 
standard forms which have been approved by the management. 
On the approved form there should be listed the requisition 
number, the production order number, the customers name, the 
number of pieces, the name of the part, the drawing number 
of the part, the raw material wanted · date, the starting date, 
the completion date and any other information found necessary. 
Notifying the pl-anning department .-If the routine, time 
study, standard costs, that is, if the part has not been planned 
or priced by the time the scheduling or central control depart-
ment has received notice that the material is on hand and ready 
to send to the shop for finishing work, the planning department 
is notified either by the scheduling department or the central 
control department of the need of a piece work tag by a yellow 
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t'orm called "Raw Material Available". The purpose of this 
form is to act as a warning to the planning department that 
they are holding up production on the particular part and 
should rush the planning through so that the labor book can 
be made up for performi ng the work in the shop. 
The form attached below with its written information is 
used in the General Electric Company's production control 
system t'or the same purpose as described in the previous para-
graph. The form when received in the planning department is 
attached to the blueprint, the drawing of which is on the 
face of the yellow form. The planner writes the operations, 
prices, et cetera, required on a planning card and sends the 
yellow form attached to the planning card to the master hecto-
graph typist in the central control section. She types up the 
hectograph master, gives it to another girl clerk to duplicate 
and destroys the "Raw Material Form." 
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In case a time study man is needed in the shop to set 
a price for doing a piece of work the ;planning department 
foreman of the section where the work is to be performed or 
by the production department. This notification may be trans-
mitted by a telephone call or by a written request on a form 
provided for this purpose. 
The shortage or swmnary sheet.-Many production control 
systems as originally set up make no provisions for the listing 
of the actual shortage at the time of the ordering of the 
material. They depend on the system functioning so near to 
100 per cent efficiency that the actual shortage will be very 
small when the time comes for assembling the parts and can 
therefore be easily and quickly straightened out. After the 
system has been installed and actually starts to work, it has 
been found necessary in many cases, in order to prevent hold 
ups for lack of material at assembly, to make out a list of 
the parts not in stock at the time they are ordered. This has 
been found especially necessary in the diversified type of 
manufacturing plant. The· parts on t h is summary or shortage 
sheet should be watched careful ly by the production clerk handl-
ing the particular line of apparatus. Any holdups in the manu-
facture of these items will thus be quickly caught arid straightened 
out so that all items will be complete when needed. As each item 
is completed it should be removed from the list. After all items 
have been completed the shortage sheet is destroyed. 
~W-1513 (11·38) 
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The attached form is given to illustrate the principle 
of the General Electric Company's method of - listing the parts, 
needed to complete an order, which were not in stock at the time 
when needed and therefore have been ordered. 
SUMMARY SHEET P.O. 662927 
ISSUED TO·----------------~M=r~·-W~·-=B_a~l~t~z~e~r _____________________ PAGE No . ____ ~l~--~-
REQUISITION G014973 
QUANTITY __ ___,..--""-------
CUSTOMER U.S .s. Massachusetts NO. OF PAGES._ .... l.__ __ 
TYPEOFAPP~-----~l~o~o~o~K~.w~·------------------------
_.. ASSEMBLY SERIAL NO.,__;_ _____ _._ocATION _______________ _ 
SH P MUST G 0 IVE PREFERENCE TO COMPLETING THE FOLLOWING ITEMS OVER ALL OTHER PRODUCTION EXCEPT EMERGENCY SUPPLY ORDERS I 
TOTAL TOTAL RAW DATE SHOP DATE l QTY. DESCRIPTION DRAWING PART SHORT· UNFILLED MATERIAL STARTED PROMISE COM· ROUTE AGE ORDERS PROMISED PLETED 
1 ISUCket Wheel 1422876 1 aSSJ mb].y 4-12 4-29 S6A-63 
9.'7R Rn~ln~+: ~:~ ?.1_76904 267 4-1 _A_-_ll ~2 - 63 
, 
- S~t- - ~&56-28&7- - - 9 - - - 4---'7- 4--8 fr-::1= 5--2-- 14&--105 
I 
' r 
I 
" 
I 
···-
- - - · -
' 
DATE COMPILED 3-15-40 DATE ISSUED 3-16~40 
COPIES SIGNED 
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The master schedule.-If job studies or ana~ysis of 
machine capacities have been made in detail, data can be 
worked out which will give the standard hourly production for 
a given machine or a given department or on a given operation. 
This data may be used to set up a master schedule. If the 
product is standard it may be desirable to set up a schedule 
board that will give in detail the time of starting and stopp-
ing of each major operation on each part which goes into the 
product. It is wise to set up such a board on the basis of 
something less than 100 per cent efficiency. Progress re-
ports which come from the production departments may then be 
checked with the master schedule that has been set up, and 
the order of work changed to rectify any undesirable conditions. 
On unstandardized, diversified product, the master 
schedule may be set up on a ·gantt load chart in terms of 
hours of work ahead by given classes of product. Such infor-
mation, which may be termed the balance. of work ahead, can be 
easily communicated to the sales department. In making sales, 
the sales department can deduct the time required for their 
manufacture from the balance and thus can always know the un-
filled capacity of the plant which it may sell. 
Progress charts should be set up in conjunction with the 
master schedule. These charts are a definite aid in scheduling. 
If the chart indicates that any order or part of an order is 
falling behind the schedule, steps are immediately taken to 
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advance this order or section of an order to a higher position 
in the order of work. 
In a l ·arge company scheduling is controlled and per-
formed by the production department. In small concerns it 
is part of the work of the general planning division. 
Rejections and scrappage of material 
It is standard practice in most production control 
systems to set up a systematic method of notifying the central 
control division and the production department of any delay 
in .the completion or the scrappage of materials. Provisions 
should also be made in the case of rejected materials for 
a systematic shop procedure method to take care of the fixing 
up of .the rejected material and returning it to its proper 
place in the production stream with as short a delay as 
' 
possible. These provisions, however, are seldom provided 
for in production control systems. lNhatever is done along 
this line is usually irregular and haphazard. During rush 
periods when r~jected materials are holding up work on 
assemblies a man is frequently given the work to handle 
along with his other work, but during normal times the 
stockchaser has to get the rejected parts fixed up in a 
hurry at the time he needs . them. It is here that production 
control frequently breaks down causing delays in shipments, 
increased inventories, disturbed load control and scheduling 
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and additional expense in manufacture. This is p~rticul~rly 
/ 
. / 
' true in jobbing plants where the material f'or larg·e detailed 
assemblies is made and used. 
The rejected material situation should be thoughtfully 
considered as it is a potential source of savings. Careful 
planning and skillful handling will save much time and money 
on valuable finished parts. 
Material control system-inventory control 
/ 
"one of the major problems requiring solution 
in a large-scale business is proper control over, 
and balance of, inventories. A common method is the 
adoption of .a suitable form of stores record which 
shows the facts with reference to the physical move-
ments of the material in and out of stock. Such a 
record should show at a·ny time, for each item of 
raw material, the balance on hand, amounts received 
and issued, amounts reserved for production orders 
which have been issued but on which the material has 
not been requisitioned, the reorder point, and the 
quantity to order. The establishment of the last 
two factors is dependent upon conditions -peculiar 
to the specific business under consideration."(l) 
Successful control of inventories by established maximum 
and minimum quantity limi ts, or by other means, will reduce 
inventory costs and assure maximum turnover. The time interval 
necessary to replenish the stock controls the re-order point, 
assuming normal use. Variations in business are normal and 
inventories should fluctuate as nearly as possible in harmony 
with the demands made upQn them. No system of' budgeting can 
be successful unless eff'ective inventory has preceded it. 
(l) Alfords, L. P., Cost and Production Handbook (New York, 1934), P ·• 113 = · -
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The sources of loss from improper control of inventories 
include the cost of excessive purcha ses, the costs of slowing 
up production by not having material available when wanted, 
and losses through improper diversion of material, either 
wastefully or willfully. The losses due to excess purchases 
provide a continual pull toward small stocks, and the losses 
due to production tie-ups provide a continual pull toward 
larg_e stocks. It is between these that a balance must be 
struck. The losses due to improper diversion of material 
necessitate the maintenance of adequate material records. 
Good inventory control will prevent the purchase of 
materials except when needed, and will prevent the ordering 
of goods when large quantities are on hand already, or the 
ordering in· quantities which are excessive. Damage, deterio-
ration and obsolescence must be reckoned on. To promote 
smooth factory operation and prevent idle machines, material 
must be on hand when wanted. 
Imperfect control of material has unfavorable bearing 
on production, since (1) work is liable to be stopped or 
retarded through material shortage; (2) scheduled dates 
cannot be kept, and planned arrangement will be broken up; 
(3) proper supply of work or "cushion" cannot be kept ahead 
of each machine, causing idleness of equipment and possibly 
layoff of labor. Good inventory control, which together with 
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good stockroom and purchasing department operating methods, 
can eliminate losses from theft, obsolesence, et cetera, 
implies the following steps: {1) the fixing of minimum quanti-
ties or ordering 'points and of maximum quantities or amounts 
to order, on all articles; ( 2) arranging a method for allo-
cation of material to orders in process or contemplated; (3) 
creation of stores accounts, which will control the store-
room and not be controlled by it. 
Records of available materials.-The stores item ledger, 
often called the balance-of-stores ledger is the central 
mechanism in material control. -All receipts and issues of 
material and the available balance on hand is recorded in it. 
These records must be kept up and be accurate or the ledger 
is deceptive and valueless. If the items ledger cards are 
properly designed they will furnish the following information: 
1. How much of each item is in stores? 
2. How much is on order, but not yet delivered~ 
3. How much is already earmarked or reserved for orders 
in sight? 
4. How much is available for immediate use or for 
reservation against new order? 
Most of the orders and documents relating to the move-
ment of material either originate or pass through the produc-
tion department, which is in a good position for making 
prompt postings. For this reason it is now the practice to 
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have the stores item ledger compiled and posted in the pro-
duction department rather than in the stores department. 
The available amount of material must be verified 
periodically by, (1) a physical check and (2} by a bin tag 
check, if this type of record is kept. 
From the review of the use, we establish markers or 
danger limits at which each of the items is brought up 
automatically. When the sales brings the stocks to the 
marker the material is reordered by the production man or 
order clerk. The amount ordered is enough for from one to 
three months sale depending on the nature of the item. 
Purchasing.-The present practice in material purchasing 
has changed from the obsolete aim of keeping a full supply of 
material in store to that of specifying how much and how little 
of each item can be kept in the stores. The tendency is to-
wards carrying the minimum stock necessary to cover manufactur-
ing requirements plus a small amount extra as a small cushion 
in case of sudden manufacturing demands. 
In carrying out this policy the time required for de-
liveries becomes an a very important feacture, often as impor-
tant as actual stocks on hand. The s hortest cycle in which an 
order can be turned out includes the time required for the 
material to be ordered and delivered. The average time required 
for the delivery of each item should therefore form a part of 
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the record, so as to be available £or production control 
purposes at all times. This information must be revised as 
often as the market conditions alter the average time required 
for delivery. 
In the reduction or inventories which usually f ollows 
on the introduction of material control, care must be taken 
that such reduction is carried out as a by-product or a 
scientifically balanced system instead or being an end in 
itself. The loss and upset caused by the actual shortage of 
a part of small value is rar greater than the cost of carrying 
any ordinary material in stock. Each class of item must there-
fore be considered on its own merits, keeping in mind: 
1. Its normal turnover, or quantity used per month -
2. Its facility of replenishment, that is of purchase 
and delivery. 
Within these limits a carefully worked out system of 
material control can produce remarkable results. 
Exact specifications are very important for use in 
purcha sing because the quality of the material used influences 
the product not only through production but also in marketing. 
Good manufacturing procedures on poor material may result in 
a poor product of slight salable value just as easily as a good 
product may be ruined by a poor manufacturing process. 
Under a system where the custody of stores is central-
ized under the stores department, the production control 
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division is charged with the responsiqility of ordering all 
productive materials. stocks are thus held in close harmony 
with scheduled requirements, and provisions for "cushi ons" 
of material and work in process is kept in mind. 
The purchasing department in a small plant should be 
centralized under one man who is an expert. This prevents 
-duplicate orders and inexperienced buying. In a large plant 
the purchasing departments are usually divided so that 
specialists handle the different lines-as steel, tools, office 
s uppli e.s and the like. 
1. Purchasing requisition-how handled 
The production order clerk in ordering the material 
required for a particular job makes an entry on a form called 
the "material list" signifying what material is wanted and 
when. The material list is then taken by the production 
order clerk to the purchasing order clerk who makes out the 
order on a numbered purchase requisition form. He then returns 
or sends the material list back to the production order clerk 
with the purchase requisition number written out beside the 
order request. The .Purchasing order clerk keeps one copy 
of the purchase requisition, sends one copy to the receiving 
department and two copies to the purchasing agent. When the 
order is approved the purchasing agent fills in information 
relating to the date ordered, date approved, firm ordered 
from, et cetera, and returns one copy to the purchase order 
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clerk for his information. The clerk files this copy and 
destroys his original copy. When he has been notified by the 
receiving department that the material has been received he 
notes this information on his copy and files the paper away 
for future reference by purchase requisition number. The 
production department is notified of the arrival of the material 
through a daily stockroom report which lists all requisition 
material received. 
Control of quality.-The production department does not 
specify what quality of material should be used although it is 
deeply concerned with seeing that the specified quality is 
maintained. 
The control of quality takes two forms: (1) as to the raw 
material to be used; (2) as to the perfection of processing 
work done on this raw material in its progress toward th~t of 
a finished product. This second form is checked by inspection. 
In selecting raw material,consideration should be given 
to the nature of the operations to be performed, as frequently 
the more costly of the materials considered may facilitate 
processing so much more than the cheapest that it will be 
more economi cal in the long run. 
The carefully timed system of observation and records 
of production control have often lead to improvements in the 
selection of the most economical material and processes. These 
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improvements however come about through the study of these 
records by the engineering or research department. The pro-
duction control division does not initiate them and it is 
not held responsible for these improvements. 
Acceptance of material 
1. outside purchases 
All incoming material must be inspected, tested, counted 
or weighed and checked with the order and invoice upon 
arrival. All precautions must be taken to observe that the 
consignment complies with the physical and chemi cal specifi-
cations stated on the purchase requisition. ~e material must 
then be identified with the standard reference number or symbol 
by which it is known. It is then sent to the correct stock-
room where it is placed in its right bin or rack. A record is 
made of the arrival of the material in the for.m of a daily re-
port which is sent to the production control division for entry 
on the stores item ledger. 
2 . Material returned from the shop 
Material returned from the shop comprises two classes, 
(1) those which are returned because of over-issue in the 
first instance and (2) those which are returned because some 
change in the schedule or other complications made desirable 
the prior processing o~ther orders than those for which the 
particular material was issued. A system of credi t must be 
set up which will notify the production control office of a~ 
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material that can be or actually is used. This notification 
must definitely state whether the returned material was used 
on a certain requisition or merely placed back in its correct 
bin for use as a stock item. The information received in the 
office concerning returned materials will be recorded on the 
stores item ledger. This system of credit must also make 
provisions for salvage or scrap~age of the returned material 
which could not be used in its present form. The inventory 
control representative must be notified and he must decide 
on how to dispose of the material 
The General Electric Company's production control system 
takes care of the disposal of its surplus requisition material 
through the use of the following routine: 
1. Each department issues a list of completed shop 
orders periodically (most departments on a weekly basis) 
2. On all completed shop or production orders, any 
surplus material on the floor and that materiai in the stock-
room is collected in the stockrooms and all authorized stock 
parts are replaced directly in their respective stockroom 
locations. All special parts are tagged by the stockkeeper . 
with a salvage tag giving the required information. The form 
is shown on the next page. 
r 
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I 
NOTICE TO INVENTORY CONTROL REPRESENTATIVE .. I..J 
., lc( .., 
d. 1- QTY. DWG. 
::E Ia: ~ lliJ DESCRIPTION 
\t-
FROM. S. 0. I :ce . 
lr I ::IE REASON FOR SURPLUS I 
j , lu.l ' 
I(!J 
lc( I 
Cll I> .r 
.., 
'..J .r 
:i 'ce STOCKROOM LOCATION STOCKKEEPER DATE ~ <ll :cn \ REMARKS ON I REVERSE SIDE OF TAG 
~ 
The tear-off portion is sent to the department inventory 
control representative in the production department who 
investigates each item while the reason for having the sur-
plus material ani the possibilities of future use is known. 
He then advises whether: 
1. The material is to be held for anticipated future use. 
2. The material is to be scrapped (see form) 
Qty. ______ J, R. No. _____ Date ____ _ 
Article _ ________________ _ 
Patt. or 
Dwg. No. _______ Materiali- -----
FROM 
Dept. & 
Foreman. _______ Bldg .. --------, 
Remarka1 
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3. The material is to be held for better utilization 
than scrap. 
A certain routine has worked out in detail under each 
item stated. 
Receiving worked materials.-Materials on which a certain 
number of processes have been performed, or components waiting 
assembly, must be received and stored until needed. A notice 
will be sent to the central control office on the materials 
received record slip which is sent to the office daily. 
Issuance of material and withdrawals. 
"No material is withdrawn from its place of 
storage except on a requisition or order emanating 
:from the production control division. This rule 
ensures that the control division pos_sesses accurate 
information as to the where about and the quantity 
of each variety o:f stores. Mechanisms for authoriz-
ing issue takes various forms. Where the parts are 
made :for stock, the stores issue order may take the 
form of a "bill of material" listing all parts re-
quired for assembly or sub-assembly, and these a re 
then dealt with en bloc as a single item. Frequently 
they are taken out of storage and placed in a special 
compartment properly identified so that they may be 
handed over to the transport men without delay, at 
the proper time. A move order gives the instructions 
as to the destination. In other cases a simple 
order to release such a quantity or weight of a 
particular item suffices, same being collected by 
the shop when ready. In these cases there is no 
ambiguity as to the destination, sequence o:f process 
being :fixed. 
The essential elements of material issue are: 
(1) identification of the material by symbol; (2) 
issued only on order f r om production control depart-
ment; or in case of nuts, bolts, et cetera, by a 
signed order from a foreman; (3) clear understanding 
as to the destination, which may be fixed, or may 
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require specific instruc t ions in each case." (1) 
One man should be held responsible for issuing all material. 
Maintenance of store records.-There should be a minimum 
of store records maintained in the storeroom itself. The 
main records carrying detailed information should be located 
in the central control office. The details of maintaining the 
store records should be routinized and well understood by 
the personnel. 
Stora~e of material.-A plant which does not have a system-
atic method of handling its material becomes a "grab bag" for 
the foremen and workmen. Each foreman and each department head 
attempts to insure his own department against a shortage of 
material. To do this he orders in large enough quantities to 
keep on the safe side. As a result each department accumulates 
reserves of material. These surplus reserves represent an 
unnecessary investment of capital upon Which no returns are 
realized. A centralized system for handling and storing 
materials prevents much unnecessary duplication in ordering 
supplies. An adequate record of all material on hand is 
always necessary. In a concern where such records are not 
kept, the production department is bound to be held up re-
peatedly by shortage. 
A systematic stores method is also needed to discourage 
TI1 Alfords, L. P., cost and Production Handbook 
(New York, 1934), p.218 
-111-
careless use of material. Where there is no such system in 
use, the workman who spoils a piece of work can get a new 
piece without accounting for the piece J~poiled. Inadequate 
stores systems also are apt to encourage theft, particularly 
of small moveable parts by "loose-fingered" workmen. 
Revi~ion of the individual order~-All cancellations, 
hold-ups releases, blue print changes and other revisions 
effecting production orders should be made by the order clerk 
holding the original printed copies of the orders, or if 
distribution has already been made of some of the copies, the 
order clerk should issue a revision order. The form used 
by the General Electric Company in· their production control 
system is given below. 
ORDER REVISION" 
THIS DATE COPY TO 
ORDER NO. DUE DATES QUAN. ON ORDER 
I I I I I 
DIVISION FROM ROUTING DESTINATION 
• I I I I I ! 
DRAWING NO. NAME OF PART DEVIC~ 
' 
CHANGE DATA 
FF-1011 (11·38) 
Signed 
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Sufficient data should be recorded on this revision 
order to identify the printed copies already distributed. 
Also, the kind and size of material should be listed in 
order to assist the order and stores department and raw 
stock sections. The revision order should be marked the 
date when the revision is made. 
A copy should be sent to the central control section 
so that any changes effecting the embossing on the original 
plate or hectograph ma ster may be taken care of. 
The order clerk should make the required number of 
revision copies by the use of carbon paper. 
The central office copy is filed in the progress file. 
1. Changes 
Copies of the revision notice should go to the central 
planning and control office as well as each dispatch station, 
tool crib, raw store, stockroom and each outside department 
involved. 
2. Cancellations 
The same routine is carried out as for changes except 
that all papers held in the dispatch station should be 
returned to the central office. All other paper is destroyed 
by the party holding it. 
3. Holdups 
Same routine as for changes except that the labor book 
is returned from the dispatch stations, or removed from the 
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dead load file, if not yet returned, indexed and is filed 
in the "held-up" file. 
All other paper (material book, stock room records, 
raw stores, tool crib, dispatch station index) is removed 
from the ac~ive files and placed in the respective hold-up 
files. 
4. Releases 
When a job that was held up is to be released .the same 
routine as for changes should be carried out. Upon receipt 
of the central office copy by the dead load clerk the labor 
book is removed from the held-up file, indexed, and either 
filed in the dead load file or released to the dispatch 
station if material has already been delivered to the floor. 
This fact will have been indicated on the labor book by the 
presence of the move card. The various parties holding paper 
i n ·:their respective "held-up" files will release the paper 
to the acti.ve files upon receipt of the "release". 
The rout~ne described in the previous paragraphs is that 
which should be followed in taking care of revisions under the 
General Electric production control system. The principles 
given in this explanation are basic principles in any system 
of scientific production control. 
Accumulations.- Perhaps next to the prompt delivery of 
raw materials the most important single item in manufacture 
is a systematic method of ma~ing accumulations. 
The best results are obtained through systematically 
trying to maintain the rule. No accumulations will be 
---~--
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delivered to the manufacturing floor until 100 per cent 
complete. This premise should be sought after but generally 
cannot be wholly maintained in actual practice. 
Partial delivery of accumulations causes more loss of 
time and money and more broken promises than any other single 
item. 
The following accumulation methods are recommended. 
1. Drawing list or material list method. 
On the initial distribution of the various copies of the 
individual order the re~uisition progress copy is sent to the 
requisition progress file. These copies are filed by order 
number and there under by assemblies and sub-assemblies and 
thereunder by drawing and part number. Each sub-assembly has 
its own code, which is inserted on the original of the 
individual order when prepared. This code enables quick filing 
of the various forms. 
on the initial distribution of, the material lists two 
copies and an accumulation notice fo~ each assembly are 
delivered to the requisition progress file clerk. 
As each item is completed and delivered to the stock-
room the dispatch order stamped complete is returned by the 
dispatcher to the requisition progress file. In the case of 
outside purchased items (or items completed by contributing 
departments) the dispatch order stamped complete is returned 
by the stockkeeper to the requisition progress file clerk. 
As these dispatch orders are received and before being filed 
·-115-
in the requisition progress file, they may be checked off 
on the material list. 
As each sub-assembly becomes completly accumulated 
(denoted by the complete change to white in the file) the 
two copies of the material list and the accumulation notice 
copy are sent to the stockroom as a notice to proceed with 
the accumulation. 
When the accumulation has been made and delivered to 
the first work station one copy of the material list a~ong 
with the accumulation notice is sent to the dead load file 
to release the labor book. Here the material list is attachea 
to. the labor book and used in l~eu of print and the accumulation. 
Notice is sent to the requisition progress file where it is 
properly filed. The second copy of the material list is 
sent through to the accounting department as a write-off. 
2. Code method 
By the code method of routine accumulation of parts, 
drawing lists as well as prints and material lists are 
unnecessary. The code is frequently based on the main 
assembly of which any item is a component and descriptive 
of any sub-assembly to which it may be more intimately re-
lated. The product to be manufactured is broken down into 
its main assemblies (for illustrative purpose we will say 
there are 5). Each item is definitely tied up to one of these 
divisions. For this purpose numbers 1 to 5 will be respectively 
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the first digit in the code number and will apply as for 
example: 
a. Assemble rotor 
b. Assemble casing 
Under these five main assemblies fall various sub or 
minor assemblies and individual component parts; for example 
in assembly number 1 (assemble rotor) are required the various 
part numbers of wheels, buckets, bands, thrust bearings, 
thrust collar, et cetera. 
An effort has been made to identify and list the minor 
divisions of the five main assemblies, and the numbers assigned 
to these lesser components will occupy the next two digits 
in the code, thus (1) sub-assembly to main assembly# 1 will 
be expressed in this manner - 101 #11 Sub-assembly as 111 
3. Inter-operation accumulation 
From an inventory and floor space view point this method 
is the best of all. rt•s use is recommended whenever it is 
possible. This is especially true in the case of large 
manufacture. Likewise it answers the argument against 100 
per cent accumulating; that it is impossible to hold up all 
work until all parts are available. With this method of 
accumulating, work may be started when only one piece is 
available. 
a. Routine 
On each dispatch board is a pocket labeled accumulations 
with a numbe r assigned. When planning the work the planner 
definitely plans the accumulation the same as any other 
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operation. It is given its own sequence and its own work 
station number and is treated by the dispatcher as a regular 
operation. When during the course of a cycle of vouchers the 
dispatcher comes to an accumulation voucher the labor book is 
moved over to the accumulation pocket and the regular dis-
patch routine is followed. Regular accumulators work out of 
the accumulation pockets the same as any machine operation. 
They are given the, ac cumu:}..a ti on voucher and print and they 
check the material or go get the mate r ial if missing then 
return voucher to Dispatch Station marked O.K. 
Stockroom personnel.-To maintain any efficient system of 
storeroom operation, the personnel of the stockroom must be 
well organized. · It is essential that it should be in charge 
of some person who is directly responsible for the conduct 
of its affairs. Fixed responsibility is especially necessary 
in the stockroom. No persons except employees should be 
permitted in the stockroom. This rule should be strictly en-
forced as it is impossible otherwise to keep a correct account 
of the material 
~andling of material for storage and assembly.-Material 
handling equipment and the handling of material in process 
has been discussed on pages thirty-four to thirty-six inclusive 
under the heading of t'Material handling equipment • 17 
The handling of material for storage or for factory 
-: _- ....... :: 
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assembly shoul d be carried out in such a way. that the material 
is not damaged and is not allowed to lie around too long 
without either being put away in its ass-igned location or 
moved from s torage to the assigned assembly location in the 
factory. overhead single track hand or electric operated 
cranes and electric move trucks, should be standard equipment 
wherever needed for the purpose of' carrying out this work. 
General view of' material control system 
"The following is a condensed view of' the 
system as far as it touches the production control 
division. Apart from routine replenishment of' 
stocks that have fallen below mi nimum, purchasing 
is set in motion by a purchase requisition originated 
by the production control department. This specifies 
quantity, quality, and date at which· material is 
wanted. When the material has been ordered, an 
entry is made on the stores ledger card and watch 
is kept that the assigned date is kept. On receipt 
of the goods, another entry is made i n stores 
ledger card, showing that the material is now 
actually avai~able. As much of' it as is immediately 
assignable to orders will then be booked out as 
"apportioned." 
1Nhen the time comes to put the material in 
work a stores issue order is released, authorizing 
the storekeeper to deliver, and a move order 
instructs the transport division to convey the 
material from the stores to the point at which the . 
first process is situated. Sometimes these two 
orders are consolidated in one f' orm. Simultaneously, 
a final entry on ledger card is made charging the 
ma terial out of the stores and to the order for 
wh~ch it is to be used." (1) 
"The material is now in the sh ops and its 
arrival is noted on the route sheet and on the 
control board. Thereafter it is moved from point 
to point, as required, by the release of move orders, 
every such step being recorded on the route sheets 
( 1) Alfords, L. P., Cost and Production Handbook 
(New York, 1934Y, p. 216-7 
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and the control schedule. · ·In some indus tries the 
movement of material within the shops follows so 
fixed a path that the completion of one process 
necessarily signals its readiness for removal to 
the next. In such cases a · sectional tag accompanies 
the order, one such section being torn off and 
sent to the control division as a notification 
that its particular stage has been passed. In 
assembly industries the control necessary is much 
l e ss sJ mpl e. The actual destination of the material 
ffnished at a given stage is not apparent on the face, 
but i s dependent on carefully planned sequence, and 
its movement must therefore be regulated by move 
orders as above described. 
The essential feature in either procedure is 
that information as to all such movements shall be 
r egistered on t he route sheets and the control boards 
in the planning office. The precise mechanism for 
effecting this may vary within wide limits and is, in 
fact, largely individual to the particular industry. 
Whether the movement is initiated by move orders or 
is practically automatic is no question of a "bet.ter" 
system, but depends on actual conditions." (1) 
Summary of material control 
"It has already been stated that an accurate 
system of material control is an essential preliminary 
to inauguration of production planning and control. 
Absolute information as to material situation is 
necessary before scheduled dates can be assigned to 
any step in sequence of operations. Unless the 
quantities available, both assigned and unassigned, 
are known with accuracy, only confusion will result 
from attempted scheduling. Further the rate of flow, 
that is, time required for delivery of material not 
in. stock is an important part of this information, 
since in many cases particular components cannot be 
put into work until the material arrives. 
The rest of material control mechanism serves 
(1) to ensure that orders have been exactly complied 
TI) Alfords, L. P., Cost and production Handbook 
(New York, 1934), p. 217 
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with both as to quality or grade and as to quantity; 
{2) identification of material and its placing in 
assigned storage place; (3) notification to produc-
tion control division of its arrival; (4) holding 
fast to material until ordered into shops by control 
division; (5) delivery of material to right place in 
shops; (6) movement of material from process to 
process in shop." ( 1) · 
The autho.rity and responsibility of the whole material 
control system and each phase of it should be centralized 
under a head storekeeper. 
Dispatching 
Dispatching is the actual performance of the work. Next 
' 
to planning it is the most important function of production 
planning and control. Although all the preparatory control 
functions are worked out in the planning office, these plans 
are only dreams unless properly dispatched. The dispatch 
station executes what the planning section prepares. 
The dispatcher works in close harmony with the foreman 
but takes orders from the Supervisor of production planning 
and control. Under no circumstances should the dispatcher 
report to the foreman. This set-up would lead to failure of 
the whole scheme. 
Dispatch statio~.-The dispatch station is a small enclosed 
office which contains the equipment of the dispatcher. It 
also contains a dead load file, a live load file and a dis-
(1) Alfords, L. P., Cost and Production Handbook 
TNew York, 1934), p. 218 
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patch boar'd which is divided into compartments or pockets. 
Each pocket on this board represents a machine or group 
of machines or a station of work such as a bench, assembly 
space, et cetera, and is usually subdivided i -nto three com-
partments: 
1. For the job actually. on the machine. A dup licate 
of the job order actually being worked on occupies this space. 
2. For the next job in sequence. This is occupied by 
the · job order and its duplicate which will be transferred to 
space number one as soon as the current order is completed. 
3. For several jobs ahead. The job orders are filed 
one under the other, as far as possible in the. order in which 
they will later be transferred, first to two them finally to 
one. 
The dispatch board is the central feature of the dispatch 
station. Its underlying idea is visible control. Its objec-
tive is the detection of shortage or approaching shortage of 
work for each and any machine. Any approaching or actual 
shortage of work is reported to the planning department where 
efforts will be made to provide work if possible. 
The methods used to display orders vary. Either hooks 
or pockets can be used. Modern practice tends to use pockets. 
In the previous paragraphs we have mentioned dispatch boards 
with pockets. Her•eafter this method of -display only will be 
.. 
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mentioned, as it is felt that it is the better of the two. 
The three subdivision pocket, one placed above the other is 
the one that will be considered as it is easier to note the 
condition of the work at a glance. 
The attached layout sketch shows how one pocket in the 
dispatch cages used in the General Electric Production control 
system is arranged. 
•. 
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Location of the dispatching stations.- Large plants will 
require more than one dispatch station, the number varying 
with the type of manufacturing engaged in. Only in a small 
plant is it possible to center the work at a single dis-
patching station. The usual minimum is one for each depart-
ment . as otherwise too much time is taken up in walking to and 
from the station when changing jobs. 
Method of filing working papers. 
"Two main variants are found. 
1. Where route sheets are kept in dispatching 
cages or offices. 
2. V here route sheets are kept in central 
planning office. 
The first of these methods was ·adopted by 
Taylor. Route sheets are bound in sets, interleaved 
with sheets bearing pockets to contain working papers 
for each sheet. The underlying idea is to keep 
all papers relating to one order together and 
permit checking up each paper on route sheet as an 
when issued. In practice this method has been found 
clumsy and inconvenient. It is really putting the 
duty of progress control on the dispatcher, who 
usually has plenty of other work to do. Later 
practice tends to confine dispatching to actual 
handing out and recording of working papers, leaving 
control of progress on route sheets and control 
boards or schedules to be done by planning depart-
ment." ( 1) 
"When route sheets are kept in the planning 
department, the various orders and working papers 
are either {a) filed separately in the planning 
department and sent to dispatcher, one~ two, or 
three days before they should be rel eased, or (b) 
filed in dispatcher's cage. In some plants, re-
lease of orders is controlled by an order-of-work 
list made out daily by planning department from 
Tif Alfords, L. P., Cost and Production Handbook 
(New York, 1934), p. 268 ·' 
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from its loading schedule and z>oute sheets. This 
list is sent to foremen of departments and their 
dispatchers and must not be changed or departed 
from without authorization." (1) 
"Orders pertaining to parts can be filed on 
one or two plans: (a) according to machines. 
Where machines are arranged in groups and work can 
be routed to any one of them, then only the group 
is indexed. Dispatchers assign work to any machine 
of group vacant. In such cases route sheet does 
not specify a particular machine, but only group 
of machines on which work is to be done. (b) 
According to order numbers, subdivided into parts 
or lots. This plan has disadvantage that it is 
not guide to sequence, unless it happens, which 
is rarely the case, that manufacturing order numbers 
must be taken in sequence of their numbers. On the 
other hand, where an order-of-work list is sent 
down by planning department daily, then filing by 
manufacturing order number is probably safest and 
quickest method." (2) 
"Another method combimes these two systems. 
Orders are filed under manufacturing numbers, but 
when advice is received from stores department that 
material is ready in shops, corresponding operation 
papers are withdrawn and placed in file classified 
by machine numbers. It may be said, in fact, that 
no uniformity in plan exists. As long as the 
method adopted permits of instant finding of papers 
next in sequence, it is immaterial how they are 
filed. The method does depend in some degree on 
type of production. The more this tends toward 
custom-order-parts-assembly type, the more carefully 
must filing of working papers be designed~(3) 
Under the production control system at the General 
Electric Company the method of filing working papers is as 
follows: 
After the labor book has been duplicated from the master 
hectograph form it is filed by material date and thereunder 
Tl) Alfords, L. P., Cost and production Handbook 
(NewYork, 1934), p. 269 
( 2) Ibid., p. 270 
(3) Ibid., P• 270 
-125-
by drawing and part number. It is held in the dead load 
file until the move card is received by the dead load file 
clerk. 
When the tools are ready and the material has been 
delivered to the first load file clerk in the central off ice, 
upon receipt of the move card from the raw material section, 
releases the labor book (all vouchers, dispatch order and 
move card attached) with the blueprint attached to the central 
control master index clerk. Here the individual operations 
to be performed are dated on the labor book and master index 
as scheduled and the labor book is split up into labor 
vouchers. These labor vouchers are then sent to the various 
dispatch stations performing the work. The station having 
the first operations to perform receives the move card, white 
dispatch order and blue print a t tached to its labor vouchers. 
The labor vouchers received by all dispatch stations, 
except the first station, are filed by drawing and part number 
in their dead load file. Upon arrival at the first station 
the papers received are filed, with the exception of the 
white and the salmon colored dispatch forms, in the lower 
section of the dispatch board pocket assigned to the machines 
performing the first operation. The white and salmon 
colored dispatch forms are filed each in an individual file 
by drawing and part number. As the jobs ahead in the dispatch 
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board pockets are completed the order is advanced into the 
second pocket and finally into the first pocket. It is then 
removed from this pocket and the piece work slips given out 
to the workman. After the operations are completed the dis-
patch operator send the salmon dispatch order form to the 
central control office where a record is made on the master 
index card. The material is then moved to the machine, per-
forming the next operation. The white dispatch order, move 
card and drawing are sent to the dispatch station handling 
the next operation. The dispatch operator on receipt of the 
papers mentioned removes his labor vouchers from his dead load 
file and goes through the same routine previously stated. 
This routine is repeated until all the material passes inspec-
tion and all papers are closed out. 
Routine of dispatching 
"Preparatory steps are: (1) getting the material 
to the place where the first operation is to be per-
formed; (2) getting the tools, jigs and fixtures 
to be used on the f ·irst operation collected together 
and ready for issue to the workmen. 
"Two different methods of initiating the move-
ment of material are in use. In some plants, a 
stores issue order, made out at the same time as 
the correspond ing route sheet, is filed with the 
storekeeper · in a tickler in order of due date. 
When this date arrives the material is sent into 
the shop, and a duplicate of the issue order is 
forwarded to the planning department and thence 
to the dispatcher to sig~al its arrival. The 
other method is to file the duplicate stores issue 
order with the other working papers pertaining to 
the part, and to hand it with those to the dis-
patcher for release at the appointed time. This · 
will be a day before the operation is to commence. 
The storekeeper prepares the material ready for 
issue but does not actually move it into the shop 
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before getting the authority to do so." (1) 
"of these two methods, the last is most 
flexib l e. It permits change of the program down 
to the last minute. Should the operation be 
cancelled or the routing be changed, the alter-
ation can be made on the stores issue order, or 
it may be held up, without having to pick it up 
out of the storekeepers file. The choice between 
the methods will depend much on the nature of the 
work. In stock production the former practice may 
serve, while in custom manufacturing, with its 
comparatively disturbed routine, the latter plan 
may be preferred. The essential point is to get 
the material into place, neither too early, nor 
too late for the operation. 
"In all machine shops and similar work, it is 
the practice to specify the cutting tools for the 
job, as well as to list all jigs, fixtures, gauges, 
etc., which will be required. These particulars 
are listed in a "tool order." The tool order is 
prepared from operation study sheets at the time 
of making out route sheets and is filed with the 
other working papers until wanted. As soon as 
the material is in place, the tool order is re-
leased. The tool room collects the tools and 
holds them until asked for by the man on the 
operation specified. The authority is given by 
the presentation of the job order for the oper-
ation in question. 
Material and tools now being provided for, 
the operation itself may proceed at scheduled time. 
The authority to proceed with the work is given 
by the release of a "job order" which serves to 
identify work to be done. The amount of detail on 
the job orders varies greatly. Ordinarily actual 
instructions are obtained from blue-prints and 
instruction cards which are either given to the 
workman or retained ·by the foreman and verbally 
explained to the workman. 11 (2) 
"Data on the job order usually includes the 
TIJ Alfords, L. P., Cost and Production Handbook 
(New York, 1934), p. 271 
(2) Ibid., p. 271-2 
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following information: 
1. Order number. Part number or symbol. 
2. Operation and operation number. 
3. Machine and man number. 
4. Number of pieces to be processed. 
5. Date at which job should start. 
6. Time allowed for job. Price if any. 
7. Space for recording elapsed time on job. 
The job orders are made out at the same time 
as the route sheets. If assigned to machines of 
which there are several alike (group of machines) 
only assignment to the group should be made in 
the first instance. The actual machine should 
then be. assigned by the dispatcher at time of the 
release. 
Combinations of job orders with other forms 
is often to be found. Inspection reports are pro-
vided for on the reverse side. Move coupons are 
attached. Sometimes the job order is used as a 
time record and sometimes this latter is separate. 11 (1) 
Methods of handling dispatch work.-Either of two methods 
may be used in the handling of the work. 
1. If the cycle of operations covers more than one 
dispatch station the labor book with attached blue print is 
sent to the first dispatch station and when all vouchers per-
formed in that section are exhausted the labor book with 
balance of vouchers are sent to the next dispatch station and 
so on until all vouchers are exhausted. This is the most 
eff icient method since it requires no checking in of material 
in each succeeding department. Each dispatcher orders the 
material moved to the actual work station in the next depart-
{1) Alfords, L. P., Cost and Production Handbook 
----(New York, 1934), p. ~73 
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ment where work is to be performed and the receipt of the 
labor book by the suceeding dispatcher indicates material 
is in his department. 
2. A colored dispatch order is attached to the vouchers 
to be performed in each dispatch station except the last 
where white is used. When the dead load clerk releases the 
labor book to the first dispatch station she likewise releases 
the several other labor books to the proper dispatch stations. 
The first dispatcher follows the regular routine as outlined 
herein but the several succeeding dispatchers file the labor 
books in the dead load file or waiting material file, to 
be held therein until the receipt of the material and blue-
print in their department as indicated by the receipt of 
the move card with the print attached. 
Upon receipt of the labor book by the dispatcher the 
respective index or shop and cost record is removed from the 
dead file and placed with print in the live load in the 
proper dispatch board pocket. 
When the operator (workman) comes to the dispatch 
station for a job. The dispatcher gives him a voucher with 
blueprint and signs any setup on voucher. The operator per-
forms the work, returns the blueprint and gets another job. 
"Two further steps have to be taken ·by the 
dispatcher before the job is disposed of. Inspec-
tion must be arranged for unless it is being 
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carried on continuously, and completed work must 
be moved to the next operation. Instruction forms 
for this purpose are frequently combined. Inspec-
tion o·rders are so arranged as to specify: ( 1) 
order and part, ( 2 ) operation (3) man's number for 
identification purposes. Spaces are also provided 
f or the report which must indicate: (1) number of 
pieces good, (2) ditto, bad, (3) ditto, capable of 
repair. Move orders are sometimes separate slips, 
but more usually take form of additional lines at 
foot of job order or inspection order." (1) 
When the dispatcher finds it impossible to meet a date 
indicated on an order; it is his responsibility to send an 
extension card to the central control office. The form given 
below is the one used for this purpose at the General Electric 
Company. 
PROMISE EXTENSION Req. · Item 
. No. ------------------------------------------No •.... -----------
- . · Order 
Mr •.... - - --~~--------- --- -------- - -- -- -- - ---- ------- - ---- - --- ------- - No. __________________________________ ___ ______ _ 
----------------
-----------------------
----------------------- Type -------------------------------------------· 
Please extend {Rpaw ~atderital date Quan •.... ------------- ----------·--.------------· 
. · -romtse a e 
on .: 
Dwg: No. ________ __ __________________ :_______________ __ _____ __ ___ __ Gr. No. ________________ Pt. No. _______________ _ 
From __ __ : __ __________________________ _____________________ __ tO.---------------------.------------·-------------------------- -----
-----------------------· 
----------------------------Reason ... -- ------------------------------- -------------------------------- --
Signed ... ----"-----------------------------------------------Dept. ____ _________________________ __ _________ __ ________ _________ _ 
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Inspectors routine.- Production planning and control can-
not be said to be complete unless it has been carried through 
the point of final inspection. Therefore, while inspections 
made in between operations are carried on in the usual way, 
it is advisable to tie the final inspection in with the 
routine of the dispatch station. Inspectors routine can be 
divided into t wo methods. 
1. Long cycle method 
In a department with a relatively l ong cycle, the 
inspector works from the dispatch cage the same as the machine 
operators. 
2. Short cycle method 
When the material arrives at the inspector's 
station it has an inspectors copy attached to the identi-
fication tag. If the work is "okay", the inspector merely 
punches the tag or voucher, and turns in the inspector's copy 
to the dispatch station where it acts as a release for the 
dispatch copy of the order. Different methods or routine are 
set up in different factories to handle defective or scrapped 
material. 
"Inspection and move orders are time-stamped 
on return to dispatcher and are then sent to 
planning department for entry on route sheets and 
control boards. Question of replacing parts that 
are defective and have failed to pass inspection 
is also taken up by the planning department. 
Replacement orders are issued when shortage is 
greater than allowance made for this purpose. 
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The dispatch operator reports to the planning depart-
ment all idle machines caused by lack of work, 
absence of operators, breakdowns, incorrect material 
or other causes. 
Regular routine of dispatching ends at this point, 
as regards individual operations. It is simply 
repeated in all details for next operation. Exceptions 
to routine must be taken care of, particularly as to 
lots behind schedule and idle machines. 
Lots behind schedule are listed each day by the 
planning department, and copies sent to dispatchers 
and foremen concerned. Job orders for such parts 
or lots are to be distinguished by a bright colored 
sticker signifying that they are to receive precedence 
over other lots where possible. It is sometimes the 
practice to affix a brightly colored tag to work it-
self. General idea is to so call attention to the 
delayed part that it cannot fail to receive prefer-
ential treatment." (1) 
In large plants, where a considerable number of parts 
are going through at one time, and delays are a daily occur-
ance, it is the practice to employ a "tracer" attached to the 
planning department, whose duty it is to keep in touch with 
all delayed work, and ensure its being handled with all 
possible dispatch. 
Transportation 
1. Internal 
All internal transportation people, porters, lumpers, 
move men, crane operators and followers, battery truck 
operators, et cetera work under orders of the dispatchers. 
It is highly important that no work be moved without an order 
(1) Alfords, L. P., Cost and Production Handbook 
(New York, 1934), p. 274-5 
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from the dispatcher. The dispatch board represents the 
exact location of all material at all times within a section 
It is obvious that if material is moved without the dis-
patcher's knowledge the dispatch board will show an untrue 
picture. Orders to move materials are issued in the form 
of a move card. 
The internal transportation is responsible for the move-
ment of all material from the time it is placed at the first 
work station until it is moved to the finished stock room. 
The raw store is responsible for the delivery of material 
to the first work station or incoming bay. 
2. External 
All external transportation properly comes under the 
works transportation department. The following simple rules 
cover their functions relative to production planning and 
control. 
1. Never move material not properly identified with 
a tag. 
2. Deposit all material in proper incoming bays 
3. Remove no material except from outgoing bays 
Load Indicator.-One of the four major functions of 
production planning and control is scheduling. That is, the 
proper synchronization of the atar ting and finishing dates of 
the various parts which go to make up the finished article 
or machine. The necessity of this is quite apparent to 
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anyone fami liar at all with the modern manufacturing, and it 
is particularly desirable in order to keep down in process 
inventory, finished inventories and tie up in floor space. 
Due to the rapidly increasing competitive nature of 
business in general the old method of the manufacturing 
department telling the commercial department when a machine 
could be built, is now replaced by the commercial depart-
ment telling the manufacturing department when a machine must 
be complete. The old idea of the factory's telling the comm-
ercial department what it could do is a thing of the past. 
Hence the modern superintendent must constantly be on the 
alert so as to know when to gear his department up or down, 
for that is precisely what he must do. 
Most superintendents and foremen know how to speed up 
or slow down production but where they seem to fail is to 
know when and where to perform this very necessary and impor-
tant function chiefly because they have no way of telling. 
It is with this in mind that General Electric Company has 
worked out what they chose to call, for want of a better 
name a "load indicator", something that will tell each fore-
man when and where to apply labor. 
In a word what they have tried to do is to determine 
just ho'N much work should be lying at any particular work 
station in order to be able to meet schedules which are 
placed on the various factories by the commercial department. 
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Hence the following scheme has been worked out: 
1. A normal load-just a little more than a man can do, 
thereby giving him an incentive. 
2. Overtime load-when the load at any work station 
reaches this point, overtime must be applied. 
3. Second shift load-when the load reaches this point 
a second shift must be applies. 
4. Transfer or third shift load-when this point has 
been reach ed emergency methods must be applied. 
A direct labor figure in dollars representing each of 
these degrees is worked out for each work station • 
. Once . a day a survey is made of each work station to 
determine the number of jobs in process, idle machines and 
the dollars of direct labor at the particular work station 
at the moment. 
With this information, together with the code worked 
out above, it is possible that the superintendent or fore-
man can tell at a glance what his action must be. 
Example: 
Work station # 6 
6' boring mill 
c D A 
Normal 
10.00 
B 
Overtime 
15.00 
Second shift Transfer 3rd shift Jobs · running 
2 
Idle Machine 
20.00 40.00 
Direct labor load 
14.00 
Rating 
B 
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At a glance anyone interested knows that overtime 
must be applied to this particular boring mill. 
The success of this method depends on the accuracy 
of the "normal" ( shown as A in the example on page 135) 
It is kept up by the foremen themselves • 
. The load indicator is . issued once a week for each 
foreman. It is hung on his production planning and control 
dispatch station. 
Defecti.ve material.-A definite and systematic routine 
should be set up to take care of defective or rejected material. 
The following conditions must be considered: 
1. Material on machine floor-determination of the 
party at fault, the operations necessary to fix up the work 
and the routine necessary to repair and return it to the 
rest of the order. 
2. Material in stock to be corrected and returned to 
stock. 
Issuance of instructions covering work to be done. Then 
handle as in # 1 except the record made in the stockroom 
on return of corrected material will differ from# 1 
3. Material on assembly floor to be corrected and 
returned to stock. 
As in # 1 except record on office stock card is 
corrected for number of pieces received. 
4. Material on assembly floor to be corrected and 
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returned to assembly floor. 
1. Advantages of systematic handling of defective-
material 
a. Mechanical responsibility is placed with the 
department foreman; production responsibility, with the 
production control section. 
b. ~uick turnover of defective materials, defect-
ive work prevented from being side-tracked and allowed to 
pile up on the factory floors. 
c. Carelessness is reduced because the whole 
burden of correction falls back upon the foreman and the 
operator. 
d. Labor and clerical effort kept at a minimum. 
In most departments a red skid is set up as a location 
at which to deposit all defective work. 
In some highly conveyorized departments little red 
boxes are placed at various points along the conveyor. 
Planning and dispatching drafting work.-Planning and 
dispatching of work in the drafting section has resulted in 
better control of drafting expense and scheduling of work. 
It also indicates at all times if the personnel is under-
manned or overmanned to efficiently carry the load. The 
estimated savings on j.obs using this method is from 7 to 10 
per cent over engineering estimates whereas before its 
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adoption the over-charges ran from 20 to 40 percent. 
'l1he dispatch bo'ard is sirnl lar to those used in the 
factory, except that the board has been modified to meet 
drafting requirements. 
Summa~ of dispatching.-In reviewing the previous para-
graphs on dispatching we find that the principle factors or 
activities in dispatching are: 
1. The movement of the material from the stores to 
the first process, and from process to _process. 
2. The issuing of to91 orders instructing the tool 
department to collect and make ready tools, jigs and fixtures 
in advance of the hour at which the operation will commence. 
3. The issuing of job orders authorizing operations, 
in accordance with the dates and the times previously planned 
and entered on the machine loading charts, the ·route sheets, 
and the progress control sheets or boards. 
4. The issuing of inspection orders after one or more 
operations to determine the results in the number of pieces 
"accepted or rejected" 
5. Recording the time of beginning and completing 
the job, and calculating the duration. 
Charts 
Charts, in connection with product i on control, are 
graphical representation of facts whereby a rapid visual 
comparison can be made of the information presented with 
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the facts of experience. They are used principally: (1} to 
record and transmit information; (2) to aid in making decisions; 
(3) to aid in directing action and in checking performance. 
The four main types of charts generally used in connec-
tion with production control, are defined as follows: 
"Classification charts show the functional 
relation between the associated parts such as the 
arrangement of component parts in an assembly. 
2. Route charts show the direction of flow, 
such as the station-to-station movement of paper 
work and materials. Many kinds of relationship in 
both groups may be presented bv the box chart, so 
called, because it consists of small labeled 
rectangles or circles connected by directional 
lines. These rectangles and circles are standardized 
into ·what is called flow or route chart symbols. 
3. Process charts show the sequence of 
operations, movements, and storage in a process. 
They consist of symbols with descriptive labels 
representing these conditions arranged in sequence 
and connected by lines. These are used to record 
the sequence of operations and movements in a process 
for the purpose of analysis and improvement and for 
instruct ion. 
4. Routine charts s~ow the paper routine of 
the system, including the performance of clerical 
operations upon paper transactions. This type of 
chart consists of a photostat of a collection of 
related forms with directional lines connecting 
entries on the forms and explained by instructions. 
Simplification of the analysis of a routine problem 
is the primary function of this chart." (1) 
Other charts frequently used in connection with pro-
duction control are the Gantt charts. ~he principle charts 
(1) Alfords, L. P., Cost and Production Handbook 
_(New York, 1934), p. 1401 
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of this type used are (a) machine record; (b) schedule and 
progress (machine loading charts) (c) mechanical charts. 
Item C is a mechanically operated device for showing facts 
graphically. An example is a product ion control (planning 
board) or an inventory control board. 
Charts must be kept up-to-date or they are useless • 
. If kept up they show in an unmistakable manner the weak 
points and bad tendencies. 
Ca re must be taken not to attempt to put too much 
into a single chart. They are often so cleverly designed 
that they cannot be understood by the ordinary man. 
Individual charts should be very simple, and there 
should not be too many of them. There is a great fasci-
nation in the making of charts, and if care is not exer-
cised, much time is wasted upon them without any useful pur-
pose being served. At the same time, charts are of very 
gree.t value if used in moderation and not carried to excess. 
A chart is far more convincing than any mass of figures. It 
conveys a much stronger impression to the brain and if 
properly designed it conveys the idea of tendencies in a way 
that no set of figures can. Figures in themselves are cold, 
uniteresting things, while a chart is at least inter esting 
to anyone who wishes to know the facta and does not wish to 
cover up defects. They should be periodically checked to be 
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sure they a.:re up-to-date. 
Problems 
Each production control system has its own special 
problems to solve and control. There are however, certain 
basic problems that any control system has to deal with. 
The most important of these are: 
1. Control of scheduling and engineering information. 
2. Control of planning operations-on time. 
3. Ordering, receiving and handling of raw, semi-
finished and finished materials. 
4. Transferring a job from one section to another 
through the planning department. 
5. Diversion of components intended for one order to 
some more urgent order. 
6. Control of tools as to time and quality. 
7. Control of congestion and excess capacity in machines. 
8. Time allowances for breakdowns 
9. Cooperation and coordination between departments. 
10. Maintenance of product ion to scheduled dates. 
11. Elimination of bottlenecks. 
12. Control of rush orders with short dates. 
13. Provisions for handling rejected materials. 
14. Control of the time element on design (blue prints), 
material li sts, et cetera, from the drafting room. 
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15. Changes necessary within the system itsel.f as new 
and better ways are discovered. 
As an illustration o.f a production control system in 
actual operation the General Electric Company's system will 
be outlined briefly. This outline, so that it can be 
more clearly understood and .followed will be mainly in the 
form of charts illustrating the movements o.f paper and 
materials within the system. 
The General Electric Company Departmental Organization 
Logically the very first thing in a~y system or routine 
is organization. No routine or system of management is one 
bit better than the people operating that routine or system. 
Likewise once the proper people are installed on the job 
they must be given the proper authority as well as ·responsi-
bility to do their job. Hence much thought should be given 
not only to the placing of the right people on the various 
jobs in connection with production planning and control 
activities but likewise setting up their job so they can 
properly per.form the required duties and functions. 
The departmental organization set up of the General 
Electric Company, as shown on the chart on page 145 
seems to place authority as well as responsibility. It like-
wise attempts as .far as possible to eliminate unnecessary 
overlapping o.f duties, functions and responsibilities. 
All planning and control activiti es come under one 
man-logically the Production Supervisor, who is held respons-
ible for the following activities: scheduling, inventory 
control, (raw stores and finished stock) machine tool and 
expense tool activity, wage rate and motion study, planning, 
ordering, preparation of paper, maintaining dead load, ~~!: 
patching, moving of material, following of requisitions, 
material utilization and shipping. 
The chief bone of contention s eems to be as to whether 
the dispatchers shall report to the foremen or the pro-
duction control supervisor. It is now agreed by those who 
have tried both methods that the disEatchers should report 
to the Production Planning and Control Sll:~rvisor. Under 
no circumstances should the dispatchers report to ~~e fore-
men. This is a cardinal rule of the production control 
system at the General Electric company. 
The second supervisor is in charge of the manufacturing 
group, that is, general foremen, section foremen, direct 
workers, expense workers and tool crib attendants. 
These two supervisors report to their superintendent 
or· department manager with a close tie-in with the engineer-
ing and accounting groups. 
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1. Process Chart 
The chart on the following page shows the complete process 
of the control system from the time the requisition or order 
is received until the parts making up the orde r are com-
pletely p r ocessed and sent to the stockroom. 
To clarify the meaning of the symbols given in this 
chart, the following eXplanations are listed: 
~Upper figure indicates operator 
Lower figure indicates operation 
~Indicate move-(transportation) 
T-Truck 
• I 
171-Mail 
M-Messenger 
I-Numeral indicates move by operator 
Represents document 
Place in temporary file 
Remove from temporary file 
Inspection 
Permanent file or storage 
Temporary file or storage 
(Invert these) 
(symbols when) 
(coming from ) 
(either. ) 
~ Original letter form et cetera, and copies of it. 
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It can readily be seen by looking at the process chart 
that the General Electric Company's production planning and 
control system is a ve ry complicated one. This is necessary, 
however, in a company of this size with its constant shifting 
of types of apparatus and personnel. The system used must 
be suited to all types of manufacturing and be made as near 
standard as possible. 
In any production control system regardless of its 
size, control of the files and paper work is vital to the 
successful operation of the system. When a system becomes 
extremely complicated in its detail in regard to files and 
paper work it becomes necessary to form a chart showing 
these details. This chart not only shows up any weakness 
and duplication in the 'system but it also presents a clear 
picture of the movement of paper anywhere in the system. 
This paper movement will vary in details in each plant 
according to changes necessary in adopting the basic ideas 
to the needs of the plant. For .this reason the detailed 
movement of the control papers and the location of the files 
given in chart form on the next page although true of the 
River Works Plant, would only be basically true in any 
other General Electric Plant. The meaning of the symbols 
used in this chart are given on page one hundred forty six. 
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The central control division controls the issue of 
all paper in regard to production. After the so called 
labor vouchers are made up they are filed in the dead 
load file which is located in the central control office. 
This dead load represents all the orders for which the 
individual orders have been prepared but for which the 
starting date has not arrived or for which the material or 
tools are not available. It shows at all times the status 
of the material assemblies (overdue, current, and future) 
and from it labor loads are compiled . The labor books are 
filed by material date a.nd there under by drawing and part 
number. The labor book is held in the dead load file until 
the move card is received by the dead load clerk. It is then 
scheduled by the production department and sent into the shop. 
Before the labor book is sent into the shop a record is made 
on a master index located in the central control office. 
The index shows at all times the exact status of each order 
for which the individual order has been duplicated. It like-
wise acts as a medium for locating all prints tools and 
material which have been issued on current order. This 
file is very necessary. 
Supplementing the master index file, there is another 
file called the production progress file. This file contains 
an accurate record for all detail parts in connection 
with each order. These files are built up, one for each 
-151-
type of appar atus manufactured. This f i le is then located 
in the production department handling the particular pro-
du0t. The proper use of this file makes it possible to 
follow : the progress of each order from the office much more 
efficiently than the old method of chasing around the 
factories. These files are well kept up and are therefore 
very useful in checking the location and condition of the 
mat erial in process. The routine used in maintaini ng the 
master index and production progress files was explained 
in previous paragraphs. 
All production in the shop is carried on through dis-
patch stations. These are similar to the ones described in 
a previous section. Although these stations vary in size, 
the system used in issuing the paper is the same in all cases. 
All internal transportation of material is done · through 
orders from the . various cages. i3Y .this method the correct 
material is moved with less chances of mixups. 
In case of rejected material the foreman is supposed 
to lay out a route along which the material is to travel 
in being fixed up. The dispatch operator them follows it 
operation by operation as he does his regular work. This 
scheme do es not work out in practice however at the liver 
Works Plant. The work there is left . up to a special assis-
tant dispatch clerk to follow. 
The General Electric production control system is a 
fine system and is superior to many of the so-called control 
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systems. It is a system which requires very capable execu-
tives and department heads, to run it. As soon as supervision 
relaxes the system loses much of its efficiency. This is 
due to the way the system is set up. It makes too few 
allowances for errors, particularly on the human side. By 
its very complexity it frequently causes system troubles. 
The emphas.i s in this system is as it should be, on the need 
of cooperation and the importance of coordinating the efforts 
and purposes of all major departments. The system is very 
well thought out and has all of the latest and best control 
devices. On the other hand as it is now, it is a system 
which would be more efficient on a mass production basis 
than it is on a custom basis. It does not seem to be easily 
adapted to custom work. 
The management engineer 
Production control as a part of the larger field called 
management is now an exact science. The basic principles 
used are the same in all scientific production control systems. 
The details vary so widely, however, that this fact is not 
always obvious. 
Back in the days of Frederick W. Taylor it was the 
slipshod habit to refer to people who recommend and install 
product ion control systems as "efficiency experts." 
Historically, they were eff'iciency men, in the way they could 
g o into a place, look over what was going on and tell where 
. . 
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things could be made to run smoother, and more economically, 
with less wear and tear on everybody. They are now called 
management engineers and no one of them cares to be referred 
to as an "efficiency man." This is because the title acquired 
disfavored by the way of a small proportion of zealots whose 
habit it was to rush in, turn everything upside down, change 
everything around and generally scare all hands by trying to 
install systems so complicated and impractical that, when they 
had gone no one could understand what had been done. 
The actual business which, in the old terms, was des-
cribed as that of the efficiency expert, but which is now 
more accurately known as consulting management engineering, 
has its roots down in the time~and-motion studies made by 
Taylor, Gantt and Gilbreath. It also grew to some extent 
out of the measures taken by office-equipment companies to 
develop new outlets for their products. If you were going 
to develop new types of filing cards for index systems, you 
had to have a purpose for which they could be used. 
So such companies as the Library Bureau developed a 
superior type of salesman who could go around among business 
men, look over their office methods, recomrnend new systems 
and sell the equipment to install the systems. By degrees 
the consulting management engineer evolved. He has no 
connection with office-supply companies. 
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In the earlier days of the management engineering pro-
fes !!ion, the work of the consultant was concentrated largely 
in the field of production. It was there that men like 
F rederick W. Taylor made their first contribution to the develop-
ment of a "science" of management. But the increasing impor-
tan<:e of selling and distribution has lead to equal concen-
tration of effort in those branches, and to a somewhat similar 
devolopment of. a body of principles applying to them. Today, 
theJ~efore, the field of management engineer covers not only 
the department of production, in business endeavor, but sales, 
fin1mcial administration, and general management. 
Summary of production control. 
"Production Control'', in the true sense implies centra-
lization of control over four elements of production process:-
(1) the manufacturing orders; (2) material for the orders; 
( 3) machinery; ( 4) men. 
Production control takes these elements, works with· them 
in 3uch a way that the orders received, are turned out into 
a f:lnished product on time and by the manner desired. It 
can be plainly seen that just as the human brain is the con-
trolling organ of our existence; so too, is a central control 
system for production the guiding pulse of industry. 
All scientific production control systems, although 
vary ing widely in details, are all based on the same cardinal 
·principles. 
-155-
The following details illustrate how these principles 
~ 
are carried out in actual practice in the turbine department 
of the General Electric Company's River Works plant. The 
type of manufacturing carried on in this department is that 
of custom or job shop work. 
After the order has been received and accepted by the 
sales department, the requisition is sent to the production 
· department which, after recording it, turns it over to the 
engineering departm•3nt, so that the specifications requested 
by the customer will be correctly interpreted. New drawings 
and material lists, if necessary, are incorporated to the 
drawing list of the assembly at this point. From this point, 
the effecting of the assembly construction is in the hands 
of the production man in charge. 
A promise shipment date is sent to the customer by the 
producti on man. The time to be taken in manufacturing the 
order then is broken down into the time elements required to 
manufacture the main parts. These dates are .placed on a 
master schedule. 
Ordering and accumulation of material.-On the type 
hectograph material lists, the production order clerk separates 
the parts wh ich are standard, ( that is those parts which are 
carried :i.n the stock room) and those parts which are to be 
ordered · from contributing departments or from some out side 
concern. He then orders· the missing parts by writing directly 
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on the material list in hectograph ink the dates laid out 
for these parts on the master schedule. Assembly and sub-
assembly tags are also ordered at this time. It is of 
primary importance after such orders have been placed, that 
a check is made to make sure the raw materials and finished 
parts are received on time. 
The material lists are duplicated and a copy of each is 
sent to the stockroom where they are used for the purpose 
of accumulating assembly parts which a r· e put up in advance 
for later assemblies. 
A record is kept in the stockroom of all shortages of 
material; of all finished parts and sub-assembli 0s received; 
and of all materials sent into the shop for assembly. A 
copy of this record is sent to the production man in charge 
of the order. 
Routing and scheduling.-During the interval before the 
raw material is received work tags or labor vouchers are 
made, cover:tng the operations for machinery each individual 
piece and the dates desired for finishing. 
The operations to be performed on each individual piece 
are determined by the planning department. The planner also 
establishes the prices for machining and setups. Time study 
and comparison methods are the standards by which prices are 
determined. After the operations to be performed and prices 
to be paid have been established, the master card is sent· to 
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the central control department where a master copy is typed 
in hectograph. 
From the mas ter copy, the individual work vouchers, 
depending upon the number of separate operations to be per-
formed, are hectographed to form a labor book or tag. This 
tag j_s then filed in the dead load file until the raw material 
available notification is received. After this notice is 
received the tag is sent to the scheduling or production clerk 
who breaks down the time interval which the production depart-
ment has authorlzed, into separate time elements, each element 
governing the separate operations, so that the completion of 
the machining will be effected within the time limit. The 
scheduling or production department works in conjunction with 
the foremen in order that preferences can be met, and detailed 
scheduling can meet the final master schedule. 
Dispatching.-Dispatching is seeing that the work is done 
according to schedule. After the raw material has received 
and the tags have been made out, the material, closely 
followed by the tag, is sent to the dispatch cage which controls 
the inltial operations of the piece which is to be worked on. 
The dispatch operator, keeping the scheduled dates in mind 
gives out each operatl.on slip to the workman who is to per-
form the work. 
After all operations have been completed within the initial 
dispatch cage, the materials and move card (authorization by 
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which the internal transportation moves material} are sent to 
the next dispatch cage. The move card has all operations 
hectographed on its face so that the transportation system can 
carry material to the station specified by the move card. 
Simultaneously, a copy of the completed operations is sent 
to the central control indexing ~ile, so that at any time, 
the material can be located. 
The movement of the material is carried, during success-
ive operations, down through the dispatch cages to inspection 
where it is passed after rigid inspection. It is then sent 
to the stockroom for the purpose of being stocked or in most 
cases for assemblies, which are wanted for specific requisi-
tions. 
When, according to the schedule these parts are ready 
for assembly, they are sometimes sent to their respective 
assembly locations but generally the production man in charge 
determines when the assembly should start and so advises the 
stockroom foreman. These assembly operations are treated in 
the same manner as the machining, with the exception, that all 
operations are done in one dispatch station. 
To insure that all the previously mentioned conditions 
will be met and lost time be minimized, stock chasers, produc-
tion men and foremen work hand in hand to insure effective 
production. It is only through the concerted action .of these 
three groups that the production system can be carried out 
to its culmination with the desired results-getting the work 
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out on time according to the customers wants. 
"In summary, · production control may be viewed 
as the e s tablishment of: 
1. Method-planning 
a. Vhat shall be done (product and quantity) ' 
b.. Where it shall be done. 
c. How it shall be done. 
2. Accomplishment-scheduling 
a. When it shall be done. 
3. Assignment-dispatching 
a. By whom it shall be done. 
4. Information-reports. 
a. Vias it done? and if not, why not? " ( 1) 
(1) F ernstrom, K. D., and others. Organization and Management 
of a Business Enterprise. 
{New York, 1935), p. 525 
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